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H.M. STATIONERY OFFICE (ScurrisH BRANCH), 28, FORTH STREET, EDINBURGH; on 
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or from the Agencies in the British Colonies and’ Dependencies, 
the United States of America, the Continent of Europe and Abroad of 
T. FISHER} UNWIN, LonDoN, W.C. 


(The prices in brackets are those at which the books are. 
obtainable, post free by Officers, Non-Commissioned 


sg and Men in the manner prescribed by the Regula- 
ions 


eae dew rer Expedition to. 2 vols. and maps. 1870. Half Mor., £5 5s, 
Cloth, £4 
Africa. Continent of. Geology of. Notes on. 1906. 3s. (2s. 4d.) 


Amharic Language. Short Manual of the. With Vocabulary. 
1909. 5s. (3s. 6d.) 


Animal Management. 1908. 1s. 6d. (1s. 4d.) Salers d: 
Arabic Grammar. Two parts. 1887. (Sold to Uiises only.) 10s. (10s 
Armourers, Instructions for, in the care, repair, browning, &c., of gical 
Arms, Machine Guns, ‘‘ Parapet” Carriages, and for the care 
of Bicycles. 1912. Is. 6d. (1s. 4d. 
de: Amendments. Aug. 1912; Aug. 1914. Each ld. (1d.) 
a ae Accounts, (Reprinted fron THk ARMY REVIEW, January, 1914.) 


Army C Circulars and Army Orders, issued before Dec. 31, 1892, ae a 
still in force and required for reference. Reprint of. May 1896, 3d. 

Army Orders. Monthly. Each 3d. (3d.) 

Army Oriers. Coversfor. 9d. (9d.) 

Army Entrance Regulations :— 
R.M. Academy. Admission to, from April 1, 1912, 1d. (1d.) 


(Cader revision) 
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Army Entrance Regulations —continued. 
#.M. College. Admission to, from April, 1912. 1d. (1d.) 
(C'nder revision) 
Militia and Imperial Yeomanry. Officersof. 1907. 1d. (1¢.) 
Special Reserve of Officers, Malta Militia, Bermuda Militia 
Channel Islands Militia, and Territorial Force. Officers o 
the. 1912. ld. (1d.) (Under revision) 
-University Candidates. 1912. 1d. (1d.) (Onder revision) 
Military Forces of the Self-governing Dominions and 
Crown Colonies. Officersofthe. 1912. ld. (ld.) (lnder revision) 
Warrant Officers and N.C.O. of the Regular Army. Cum- 
batant Commissions as Second Lieutenants. !914. Provisional. 1d. 


(1d.) 
See also Commission ; Medical Corps ; Special Reserve; Territorial Force, 
Veterinary Corps. 
Army List. The Quarterly (not issued tn October 1914). Each 15s, (10s. 6d.) 


Army List. Monthly. Each is. 6d. (ls. 4d.) (/ssue suspended temporarily, 
see nest tent.) ; 

Promotions, Appointments, &c., since the Publicition of the Monthly 
Arny List for August, 1914, which wa3 corrected to July 3], 1914. [Printed 
ty hip ala ot the temporary suspension of the Monthly Army List.] 

. fe) o 
Do., September, 1914. [Do.] 6d. (7d.) 
Army Pay, Appointment, Promotion, and Non-Effective Pay. 
Royal Warrant. 1914. 1s. (1d.) (/n the press) 
Army Allowances Regulations. 1914. 6d. (/n the press) 
Army Review. Quarterly. Commencing July 1911. 1s. (Upto July 1914, 
ls. ; Oct. 1914, 11d.) 
Army Service Corps :— - 
Regimental Standing Orders. 1911.- 6d. ~{#d.) - 
Do. Amendments. 1d.; A.S.C. Memorandum, No. 25. 1d. (ld.) 
Training. PartI. 9d. (8d.) 
Do. Part II. Supplies. 1909. (Reprinted, 1914, with new Ap- 
pendix XII.) (/n the press) 
Do. Part IIT. Transport. 92. (9d.) 
Do. Part IV. Mechanical Transport. 18. 4d. (Is. 2d.) 
Do. Amendments, July, 1914, to PartsITard III. 3d. (3.) 
Artificers. Military. Handbook. 9th edition. 1910. 1s. (11d.) 
Do. Amendments, 1912; May 1914. Each ld. (1d.) 
- Artillery at the Picardy Manoeuvres in 1910. Translated from the 
French. 28. 6d. (23.) 
Artillery. Royal :— 
Officers’ Mess Management. (See Ordnance College). 
Practice Instructions— 
Garrison. Coast Defences. Seawards. 1914-15. 3d. (3d.) 
Garrison. Siege and Movable Armament. 1914. 3d. (8d.) 
Horse, Field, and Heavy. 1914. 6d. (5d.) 
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Artil’ ery. Royal-—-continued. : 
Standing Orders for— 
Brigade ot Mounted Artillery. 1d. (id.) (/n the press) 
pap atenaneocnehs Command, R.G.A. (Coast and Siege), Id. ; 
Id.) 

Training — 
Field. 1914. 9d. (9d.) 
Garrison — 

Vol. 1. 1914. 6d. (6d.) . 
Vol. LI. (Siege). 1¥li. 9d. (8d.) 

Do. Amendments. Nov. 1914. 2d. (2d.) (/n the press) 
Vol. LIT. 1911. 1s. (11d.); Amendments. Feb. 1912, Id. (id.) 

Artillery College. Reports upon the lith to 18th Senior Classes. Bach a 
Js. (9d.) (See also Ordnance College). 7 

Artillery. Field. The'Tacticsof. (Von Schell). Translated. 1900. 18. (10d.) 

Artillery Instruments. Handbook of. 1914. 1s. 64. (1s. 4d.) 

Artillery Museum in the Rotunda, Woolwich. Official Catalogue. 1906, . 
(Sold at the Kotunda. 1s. 6d.) 

Artillery and Rifle Ranges Act, 1885, and Military Lands Acts, 

1882 to 1903. Byelaws under :— 

Aldeburgh, 1898; Ash (Aldershot Camp), 1887; Finborough, 1901; 
liythe, 1894 F Inchkeith Battery, 1896 ;  Kinghorness, 1896 ; 
Landguard, 1887; Lydd—Dungeness, 1895; Middlewick, lov; 
Millbrook, 1888 ; Orchard Portman, 1846 ; Scarborough, 1902; Scraps 

« | Gate, 1858 ; Shueburyness, 1845 ; Southwold, 13896; Strensall, luv ; 
Wash, 1891 ; Whitehaven Battery (Cumberland), 1896 ; each ld, (1d.) 

Purfleet, 1911. ‘le. (2.) 

Salisbury Plain, 1900. 4d. (4d.) 

Artillery Store Accounts and the Supervision of R.G.A. Sub- 
Districts. Notes on. 1914. 1s. (10d.) 

Artillery Store Accounts and the Care and Preservation of j} 
Equipment of Royal Artillery, Horse, Field, and Heavy 
Batteries. Noteson. Junel¥il. 6d. (5d.) (Under revision) 

Ballooning. Military. Manual of. FartI. 1905. 1s. (9d.) 

Barracks. Care of. Instruction in. 1901. 9d. (7d.) ‘ 

Bashforth Chronograph. Experiments with, to determine the resistance 
of the air to the motion of projectiles. Report on. 1870. Js. (92.) 

Rayonet Fighting. Instruction in. Id. (1d.) 

Bayonet Fighting for Competitions. Instruction in. 1d. (1d.) 

Bermuda Militia Artillery. Regulations. 1914. 9d. (7d.) 

Bicycles. Military. Handbook on. 191). 1d. (1d.) 

British Minor Expeditions, 1746 to 1814. 1584. 2s. 6d. (is. 11d.) 

Cadet List and Cadet Units. See Territorial Force. 

Camel Corps Training. Provisional. 1913. 8d. (Jd.) | 
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Care of Good Hone. Reconnais:ance Survey of the. 1903-1911, Report 
onthe. ls. 6d. (1s. 1d.) ; 

Cavalerie. Translated from the French of Captain Loir. (/n the press) 

Cavalry of the Line. Peace Organization of the; and Arrangements 
for Mobilization consequent on the establishinent of Cavalry Depdts. 
(Special A.O., July 19, 1909). Id. (1d.) 

Cavalry School, Netheravon. Standing Orders. 191]. 2d. (2d.) 

Cavalry Training. 1912. (R-printed, wath Amendments, 1914.) 1s. (10d.) 

(/n the press) 
Ceremonial. 1912. 3d. (4d.); Amendments, June 1914, (Ju the press). 1d. (ld.) 


Chemiee Practical. Quantitative and Qualitative. A Course of. 

v. (48. 8d. 

oe of the Research Department. Rules and Regulations. 14d. 

n -) . 

Chiropody Manual 2d. (2d.) 

Civil Employment for Ex-Soldiers. Guideto. 1913, 2d. (2d.) . 

Civil Employment Regulations. 1913. 1d. (14.) 

CivilPower. Dutiesin aidofthe. Special A.O., Dec. 17, 19038. (Amena- 
ments to * King’s Regulations” and to ‘‘ Manual of Military Law"), 1d. 


(1d.) 

Clothine and Necessaries (including Materials), Priced Vocalulary 
of. 1913. 1s. (1ld.); Amendments. July, Oct. 1913; Jan., April, July 
1914. Hach ld, (1d.) 

Clothing Regulations :— ; 

Vart I. Regular Forces (excluding the Special Reserve). 1914. 67. (6d.) 

Part IT. Special Reserve. 1914. 382. (81.) 

Part LII. Mobilization, Field Service, and Demohilization. 1908. 3d. (3¢.); 
Amendments to Parts I., II., and ITl. Nov. 1909, April, Oct. Iu, 
March, April, Sept.. Nov. 1911, Feb., May, July, Sept. 1912, April, July 
1913. Each ld. (1d.) 

Clubs. Regulation. Exercises forthe. 1863. ([eprinted 1887.) 3d. (3d.) 

Colchester Garrison. Standing Orders. 1913. 94. (7d.) 

Command Aldershot. Standing Orders. 1914. 2s. 3d. (1s. 9d.) 

Command. The Art of. By Colonel von Spohn. Translated. 1d. (1d.) 

Command Western. Standing Orders. Jan. 1919. 2d. (2d.) 

Commands, Military, and Staffin the United Kingdom. Reorgani- 
zation of. (Special A.O., Jan. 6, 1905, with alterations to date. Issued with 
Special A.O., Nov. 11, 1907). 3d. (3d.) 

Commission in H.M. Regular Army (from Ist April 1912). Short 
guide to the various ways of obtaininga; &c.,&c. April1912. 2d. (2d.) (See 
also Army Entrance ; Medical Corps ; Special Reserve ; Territorial Force ; 
Veterinary Corps). (Under reviston) 

Company Training. Noteson. For the use of the Special Reserve; Terri- 
ilar ia and uewly-raised Units of the Regular Army. Sept. 1, 1914. 
ld. (Id,) 
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Conveyance of Troops and Issue of Travelling Warrants. In- 
structions. 1910. 2d. (2d.) 


Cooking. Military. Manual. 6d. (5d.) 

Courses of Instruction. 1914-15. 2d. (2d.) 

Courses of Instruction at Practice Camps, 1914. 1d. (1d.) 

Crews of War Department Vessels and Boats_at Home 
ceueerge Regulations for the Appointment, Pay, and Promotion of. 
191). 2d. (2d.) 

Oyclist Training. Provisional. 1914. 3d.. (3d.) 

Division Orders. Extractsfrom. 1880. 2s. 6d. (ls. 9d.) 

Drainage Manual. 1907. 2s. 6d. (2s.) 

Drawing Plates. Military 
Attack of Dufor’'s Countenmhics or 2nd plate of Mines; Carnot’s First 

autten Detached Forts ; Concealed Defences, 1, 2,3,4; Printing Plate, 
, B, C, &e. ; Detail Plate, No. 1; Do. No. 2; Neighbourhood of Wool- 
ch: Village and Surroundin Ground ; each 2d. (2d.) 
Attack of Fortress—Preliminary perations ; Do., Distant Attack ; Do., 
Close Attack ; Neighbourhood of Metz ; each 3d. (3d.) 
Woods and Villages. Six plates. Each 6d. (5d.) 
Neighbourhood of Woolwich. Southern Side, is. 6d. (1s. 1d.) 

Dress ar ean 191]. 2s. 6d. (2s.); Amendments. March, Aug. 
1912. Each ld. (td.); Aug. 1913. 2d. (2d.) 

Drum and Flute Duty for the Infantry, with Instructions for the prtuine 
of Drummers and Flautists. 1887. 2s. (ls. 6d.) 

pene nice Notes on, (See Ordnance College). 

Egypt. British Force in. Shag Orders. 1912. 1s. (10d.) 

Egyrt. Campaign of 1882 in. Mi eat History. With Case of Maps. 
ondensed Edition. 1908. 3s. 6d. (2s. 8d. 

Electrical Communications. Fixed. i icaeaapades 1912, 4d. (4d.) 

Electricity and Magnetism. Text Book for the use of the Cadets at 
the R.M. Academy. 1911. 2s. 6d. (2s.) 

Electricity. Noteson. 191]. Is. 3d. (1s. 1d.) 


mlectne eae. Apparatus. Defence. Instructions for the working of. 


Blectric Lighting. Military. Vol.I. 1s. (1ld,); Vol. II. 1s. 6d, (18. 4d.); 
Vol. LIL. Js. (11d.) 


Encounter. The panes of. By Hans von Kiesling. Part I. Practical. 
Translated. 1s. 6d. (ls. 3d.) 


Engineer Services Regulations. Peace:—Part1. 1910. 1s. (10d.); Part2. 
1911. Technical Treatises. 9d. (7d.) 


Engineer Training. 1912. 6d. (éd.); Amendments. Jan. 1913. ld. (1d.) 
Engineering. Field. Manualof. 1911. 9d. (9d.) 
mene ineering. Military:— 


art I, Field Defences. 1908. 1s. 6d. (ls. 3d.) 
Part IT, Attack and Defence of Fortresses. 1910. (Out of print) 
(6) | 
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Engineering. Military - continued. 
art Illa. eva Se ene Principles and Materials. 1913, 
Is. (ld, 

Part TI1d. Do.—Bridges. (Jn the press) 

Part1V. Mining and Demolitions. 1910. 1s. (11d.) 

Part V. Miscellaneous, 1914. 1s. (il1d.) 

Part VI. Military Railways. 1898. (2eprinted 1904.) 48. (3s.) 
Equipment Regulations :— 

Part 1. 1912. (Reprinted, with Amendments, 1914.) (Un the press) 


= 2. Details— 


Sec 

L “Infantry, fences bls Army.) 1913. 
Ta. Mounted peer 1912. 6d. 
II. vaveny: a 1914. 


III. hoe ane Corps. (Regular 
Army). 1913. td. (5d.) 

IV., IVa., and dvs. Army Ord- 
nance Corps. Army Pay 

Army Veterinary 

Ss Army.) 

(2d. 

V. Royal Army. Medical Corps. 
Regular Army.) 1914. 2d. 


(2d.) 
VI—IX. R.M. Academy; R.M. 
and Staff Colleges; Garrison 
Staff and Schools of Instruc- 
tion ; Military Prisons, De- 
tention Barracks, and Mili- 
Provost Staff Corps. 
el Army.) 1914. 2d. 

2d.) 

Xa, aninaee. General. Fortress, 
Survey, Railway. and Depét 
Units. Peace andWar. (Regu- 
lar Army.) 1914. 2d. (3/.) 

Xb. Field Troop. nau Army.) 


1912, 
Xe. Field Coane. (Regular 
Army.) 1914, 3d. (2d.) 


Xd. Divisional Signal Company. 
ppegulas Army.) 1914. 2d; 
(2d.) 
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ps 
Xe. Signal Company (Wireless). 
Pi dna Army.) 1912. 2d, 


fond uliters Signal Units. 


rh nee Army.) 1912. 2d. 
2d.) 

Xg Sipval Company (Cable). 
ieee Army.) 1912, 2d, 
(2d.) 

Xh. Signal Squadron. (Regular 
ay) 1914. 2d. (2d.) 
xj. Si Troop with Cavalry 
apie peeular Army.) 

1912. 2d. (2d.) 

Xk. Signal Troop with a Cavalry 
Brigade not allotted to a 
Cavalry Division. (Regular 

or Army.) 1914. 2d. (2d. 


mite ‘Company(Gouth Africa). 
ee Army.) 1912. 2d, 


Xm neeieine Train. (Re en 
Army.) 1912. 2 

Xn. Field eee "nee dla 
Army.) 1914. 2d. (2d.) 

XIa. Horse heen Q. F, 13-pr. 
1913, Od. (8d. 


XIb. Field Artillery. Q.F. 18-pr. 


ri Saeed Army.) 1914. 9d._ 
XIc. Field Artillery. Bile 5-in. 
Howitzer. 1908. -(7d.) — 


XIc. Field Artillery. Q. oe. 4°5-in. 
' Howitzer. a Army.) 
( 


1913. 9d, 


MILITARY BOOKS, published by Authority—continued. 


(As to prices in brackets, see top of page 2.) 


Equipment Regulations —continud. 
Part 2. Detai's— continued. 


§ i Sect. 

Xi. Reserve Brigades with Q.F. XIIc. Heavy Artillery. B.L. 60-pr. 
18-pr. Equipment, Horse and oie Army.) 1913. 9d. 
Field Artillery, Staff and 1.) 
Depéts, Riding Establish- XIV. Cavalry School, Netheravon. 
ment, School of Gunnery tegaler Arniy..) 1914, 2d. 
Horse and Field). and (24. 


Mounted Band. (Regular XV. pane Corps School, Egypt. 


Army). 1914. 64. (6d.) Re 10 
Xie. ven ey with ry al Anny.) 1914. 2d. 
L. 2°75-inch Equipment. 
Mountain Battery ana XVI. ia Res:rve. 1913. 4d. 
Ammunition Column. Mule ) 
Transport. {Regular Army-) XVII. Officers Training Corps. 
1914. 6d. (5d.) 1912, 3d. (3d.) 
XIIa. Royal Garrison Artillery. Practice Batteries and Drill Guns 
(RegularArmy.) 1914. 2s. td. (Fixed Mountings) of the 
(ts. 11d.) Royal Garrison Artillery. 
XII6. Royal Garrison Artillery. (Part 2, Secns. XIIa and 
Siege Artillery, Movable XVI, and Part 3.) 1909, 
Armament, and Machine ls. Hd. (1s. 2d.) 
Guns in Armaments. 1913, Amendments to  sitto. March 
Js, (10d.) 1911. ld. (1d.) 
Part 3. Territorial Force. 1914. (In the press) 
Do. Details :— 
Sec. IX. Artillery. 1912. 1s. (9d.); Amendments, April 1912; Feb. 1914. 
Each ld. (1d ) 


Sec. X. Enyineer. 1912. 34. (Ad.) 

Amendments to Parts 1 and 2. Jan., Feb., April, May, Aug., Sept., Dec. 
1907 ; Mar. 198; July 1909. Each ld. (1d.) 

Amendments to Part 2. Oct. (two issues), Nov. (two issues), 1910; J Anes 
Sept. 1911; Feb., April, July (two issues), Aug. 1914. Each ld. (1l.) 

Amendments to Parts J}, 2 and 3. Aug. 1908; April 1908; Jan., May, 
Aug., Dec. 1910 ; April. Nae 1911; Nov. 1913. Kach Id. (1d.) 

Amendments to Parts !, 2and 3. Uct. 1909; Feb. 1912; March, Suly 1933 ; 
April 1914. Each ad. (2d.) 

Amendments to Parts 2and 3. Jan. 1909; Sept. 1912. Each ld. (1d.) 


Equipment. Infantry. Pattern 1908 Web. 1913. 2d. (2d.) 


Establishments :— 
PEACE :— 
Part II. Territorial Force. 1913-14. 4d. a ) (Under revision) 


Do. Changesin. Nov. 1913. 1d, (ld. 
Part III. Departmental and Miscellaneous ieapittie Establishments and 
nstructional Institutions, 1913-14. 2d. (2¢.) 


(S$) 
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Establishmests—continued, 
Pace :— 
Part IV. Headquarters Establishments, Home, Colonies and India, 
1914-14, 3d. (3d.) 
Part V. Establishment of Commands Abroad, and Summaries of the 
ee Military Forces of the Crown, 1913-14, 2d. (2d.) 
AR 7 
Part I. Expeditionary Force. 1914. 8d. (8d.) (Under revision) 
Do. Amendinents. Feb., May 1913. Each ld. (1d.) 
Part II. Territorial Force. 1911. 8d. (7d. 
Part V. Reserve, Depét, and other Regimental Unlts maintained at 
Home after Mobilization. 1914. 4d. (4d.) | 
Part VI. Departmental and Miscellaneous Regular Establishments and 
Instructional Institutions maintained at Home after 
Mobilization, 1914. zd. (2d.) 


Examination Papers :— 

Qualifying Certificates. Sept. 1905; March 1906 ; Sept. 1909; March, 
Sept. 1910 ; March, Sept. 1911; March 1912. Each 6d. (8d.) 

Entrance: 1, K.M. Academy ; 2, R.M. College. Nov.-Dec. 1905, June- 
July, Nov.-Dec. 1906; June-July, Nov.-Dee. 1907; June-July, Nov.- 
Dec. 1908; June-July, Nov.-Dec. 1910; June-July, Nov.-Dec. 1911. 
Kach ls. (10d.) 

Entrance: R.M. Academy, R.M. College, Qualifying Test for 
Commissions. Supplementary First Appointinents in the Royal 
Marines. June-July 1912. 1s. 

Entrance: R.M. Academy, R.M.College, Qualifying Test for Commis- 
sions; Supplementary First Appointments in the Roval Marines ; 
Appointments in the Indian Police Force; Appointments in the Police 
Force of the Straits Settlements ; Cadct-hips in the Royal Navy (Special 
Entry). June-July 1913. 1s. (1)d.) 

Entrance: R.M. Academy, R.M. College, Qualifying Test for Commis- 
siops; Supplementary First Appointments iu the Royal Marines ; 
Appointments in the Indian Police Force ; Appointments in the Police 
Forces of the Straits Settlements and the Federated Malay States ; 
ae aia in the Royal Navy (Special Entry). June-July 1914. 1s. 

Entrance: R.M. Academy, R.M. College, Qualifying Test for 
Commissions. Nov. 1912; Nov.-Dec. 1913. Each 1s. (11d.) : 

Freehand Drawing at the Army Entrance Examination of Nov. 1913. 
Specimen Question Papers to illustrate the kind of questions that will 
be set in. 6d. (4d.) 

R.M. Academy, Fourth Class ; and R.M. College, Fourth, Third, and 
Second Divisions. July, Dec. 1904; July, Dec. 1907. Kach Is. 

R.M. Academy, Fourth Class; and R.M. College, Senior Division. 
Dec. 1905 ; June, Dec. 1906 ; July, Dec. 1907. Each 1s. 

Staff College. Admission. Aug. 1907 ; Aug. 1908; Aug. 1909; June 
1911; June-July 1912; June-July 1913. Each 1s. (6d.) 
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Examination Papers—continued, 

Regular Forces, Canadian Permanent Forces, Special 
Reserve ot Officers Territorial Force, and Oolonial 
Military Forces. May, Nov. 1906 ; May, Nov. 1908. Each ls. (11d.) 

oO. May 1909, 9d. (8d.) 

Officers for Promotion. Dec. 1912; May, Dec. 1913; April 1914. 
Each ls. (6d.) 

Militia, Imperial Yeomanry. and University Candidates. 
March, Sept. 1904; Sept. 1905 ; Oct. 1906. Each 1s, 

Special Reserve, Militia, Territorial Force and University 
Candidates. Oct. 1911; March, Oct. 1912; March, Oct. 1913. 
Each ls. (6¢.) 

Special Reserve, Militia, Territorial Force, Non-Commis- 
ae Officers and University Candidates. March, 1914. 
Ss. (Hl, 

Officers Training Corps :— 

Cadets of the Senior Division. Certificate A. Dec. 1905. 6d. (5d.) 

Cadets of the Junior and Senior Divisions, Certificates A 
and B. Spring of 1909; Nov. 1909; Nov. 1910 ; May, Nov. 1911; March, 
Nov. 1912; March, Nov. 1918; Maren 1914. Each 6d. (6d.) 

Foreign Languages. Modern. Oct. 1896; July, Oct. 1906; July 
1908; April, July, 1909; Jan., June, Oct. 1910; Jan., June, Oct. 
191]; June 1912; June 1913; June 1914. Each ls. (6d.) 

Explosives. Service. Treatiscon. 1907. 1s. 6d. (1s. 2d.) 
Field Service Manuals :— 

Artillery. Field. Brigade. Q.F. 18-pr. 1908. 3d. (3d.) (Under revision) 
Do. Do. (Howitzer) Brigade. 5-inch B.L. 1908, 3d. (3d.) 
Do. Heavy. (B.L. 60-pr.) Battery aud Ammunition Column. 

lixpeditionary Force. 1910, 3d. (8d.) 
Do. Horse. Brigade. 13-pr.Q.F. 1908. 3d, (3d.) (Under revision) 
Do. Do. Appendixto. R.H.A. Battery and Mounted Brigade 
Ammunition Column. ld. (1d.) 

Cavalry Regiment. Expeditionary Force. 1913. 34. (8d.) 

(Under revision) 

Engineers. Balloon Company. Expeditionary Force. 1910. 3d. (3d.) 


Oo. Bridging Train. Expeditionary Force. 1910. 3d. (3d.) 
Do. Field Company. Expeditionary Force. 1914. 3d. (3d.) 
Do. Field Squadron. L£xpeditionary Force. 1914. 3d. 4.) 
Do. Field Troop. Expeditionary Force. 1910. 3d. (3d.) 
Do. Works Company. Expeditionary Force. 1910. 4d. (3d.) 


Headquarters Units. Expeditionary Force. 1911. 3d. (8d.) 
Infantry Battalion. Expeditionary Force. 1914, 3d. (3d.) — (/n the press) 
Ir vntry (Mounted) Battalion. Expeditionary Force. 1913. 3d. (3d.) 
Medical Service. Army. Expeditionary Force. 1914. 3d. (8d.) 
(/n the press) 
Signal Service. Signal Company (Air-line). Expeditionary 
Force. 1913. 3d. (3d 
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Signal Service. Signal Bhar yd (Cable). Expeditionary Force. 


Do. Signal Company (with Division). Expedi- 
tionary Force. 1913. 3d. (3d.) 
Do. Signal Company (Lines of Communica- 
tion). Expeditionary Force. 1914. 3d. (3d.) 


Field Service Pocket Book. 1913. 1s. (11d.) 
Do. Amendments. Set I. April 1914. 1d. (Id.) 
Do. Amendments. Set II. April 1914. 2d. (2d.) 
Field Service Regulations :— 
Part I. Operations. 1909. [Reprinted, with Amendments, 1914.] 6d. 
_ (In the press) 
PartII. Organization and Administration. 1909. (Reprinted, with 
Amendments, 1913.] ls. (10d.) 
Do. Amendments, Feb. 1914. ld. (1d.) 
Financial Instructions in relation to Army Accounts. 1919. 
{Reprinted with Amendments to Sept. 1914.) (Jn the press) 
Do. Appendix II. Payment of Units proceeding to or from India as 
Ordinary Reliefs at Indian expense. 1912. 1d. (1d.) 
Flying Co Royal. Training Manuals :— 
Par I. "Bro visional. 1914. 14. (10d.) 
Part II. Military Wing. Provisional. 1914. 3d. (4d.) 
Foreign Languages. Study of. Regulations. 1913. 2d. (2d.) 
Fortification. Permanent. For the Imperial Military Training 
Kstablishments and for the Instruction of Officers of all Arms of the 
Austro-Hungarian Army. 7th Edition. Translated. 4s. (2s, 11d.) 
Franco-German War, 1870-71. Translated from the German Official 
Account. Five vols. £6 lls. 6d. 
Also separately, in Volumes in cloth, Sections in paper covers, and Plans 
tenmounted :— 
First Part—History of the War to the Downfall of the Empire— 
Vol. 1(Secns. 1 to 5), Outbreak of Hostilities to Battle of Gravelotte. 
£1 68. (Out of print) 
Vol. 2 eens. 6 to 9). Battle of Gravelotte to Downfall of the Empire. 


(Out of print) 
Second Part. Hiatory of the War against the Republic— 
, Vol. 1 (Secns. 10 to 13). Investment of Paris to Re-occupation of 
Orleans by the Germans. £1] 6s. (18s. 6d). 

Vol. 2(Secns. 14 to 18). Events in Northern France from end of Nov. 
In North-west from beginning of Dec. Siege of Paris from 
commencement of Dec. to the Armistice. perations in the 
South-east from middle of Nov. to middle of Jan. £1 6s. (19s.) 

Vol. 3 (Secns. 19 and 20). Events in South-east France from middle of 
Jan. to Termination of Hostilities. Rearward Communications. The 
Armistice. Tomeward March and Occupation. Retrospect. 
£1 lls. 6d. (£1 2s. 3d.) 
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Franco-German War—continued. 
section. 


Eventsin July. Plan. 3s. (2s. 2d.) 

Events to Eve of Battles of Wérthand Spicheren. 3rded. 3s, (Out of print) 

Battles of Wirth and Spicheren. 3rd edition. 5s. (Out of print) 

Advance of Third Army tothe Moselle, &c. 2nd edition. 43. (Out of print) 

Operations near Metz on léith, 16th, and 17th August. Battle of 
Vionville—Mars Ja Tour. 2nd edition. 6s. 6d. (Out of print) 

Battle of Gravelotte—St. Privat. 5s. (Out of print) 

Advance of Third Army and of Army of the Mcuse against Army of 
Chalons. 6s. (Out of print) 

Battle of Sedan. 3s. (Out of print) 

Proceedings on German Coast and betore Fortresses in Alsace- 
Lorraine. Battle of Noisseville. General review of \War up to Sept. 
4s, 6d, (38. 4d.) 

Investment of Paris. Capture of Toul and Strassburg. 6s. (43. 6d.) 

Events Lefore Paris, and at other points of Theatre of War In 
Western France until end of October. 5s, 3d. (3. 11d.) 

Last Engagements with French Army of the Rhine. Occurrences 
One of Strassburg and Metz to middle of November. 4s, Gd, 
3s. 5d. , ; 

Occurrences on Theatre of War in Central France up to Re-occupation 
of Orleans by the Germans. 68. (43. td.) 

Measures for Investment. of Paris up to middle of December. 4s. (3s.) 

Measures for protecting the Investinent of Paris 2nd Occurrences 
before French Capital to commencement of 187]. © 2s. 6d. (1s. 1d.) 

Proceedings of Second Army from commencement of 1871 until the 
Armistice. 3s. 6d. (2s. 87.) 

Proceedings of First Army from commencement of 1871 until the 
Armistice. 38, (23, 2d.) 

Occurrences on South-eastern Theatre of War up to middle of Jan. |871. 
oo before Paris from commencement of 1871 to the Armistice. 8s. 
6s.) 

Occurrences on South-eastern Theatre of War from middle of Jan, 
1871. Proceedings in rear of German Army and in Coast 
Provinces, from Nov. 1870 until the Armistice. 13s. 6d. (9s. 8d.) 

General Ketrospect of War from beginning of Sept. 1870 to Cessation 
of Hostilities. Armistice and Peace Preliminaries. Neturn of 
German Army and Peace of Frankfort. The Occupation. The 
Telegraph. Post, Supply of Ammunition, Commissariat, MHuspital 
Service, Divine Service, Military Justice, Recruitment, and Lume 
Garrisons. Kesults, 5s. (3s. 9d.) 


Analytical Index. 1s. 6d. (1s. 1d.) 
Plans— 


4. 


BA. 


Battle of Colombey-Nouilly. 37. (3d 


-) 
Battle of Vionville-Mars la Tour. Position of Contending Forces 
at Noon, 3d, (3d.) : 
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Besnon-Geran War—continued. 
ans. 
5b. Battle of Vionville—Mars la Tour. Position of Contending Forces 
froom4to5p.m. 3. (3d.) 
9a. Battle of Sedan. Position of Contending Forces towards Noon. 3d. 


3d.) 
9B. Rattle of Sedan. Position of the Germans in the afternoon shortly 
before the end of the struggle.. 3¢. (3d.) 
(See also Siege Operations.) 

German Army. Cavalry. Drill Regulations. 1909. 3d. (3d.) 

Do. Field Service Regulations. 1908. Is. (lud.) 

Do. Foot Artillery. Drill Regulations. Part1lV. THE FIGHT. 

: 1909, 3¢. (32.) 
, Do. Manceuvres Regulations. 1908. 3d. (3d.) 
Germany. The Campaign of 1866 in. With 22 plans in portfolio. 
1872. (Reprinted 1407). 6s. - (ts. lud.) 


Do. Moitke’s Projects for. 1s. (10d.) : 
Guernsey and Alderney Royal Militia. Regulations. With the 
Militia Laws relating to the Islands. Provisional. 33. (ln the press) 


Guns. Drill for. (dnd sce Guns. Handbooks for):— 
6U-pr. B.L. 1912. 1d. (1d.) 
18-pr.Q.F. 1914. ld. (U.) 
15-pr. B.L.C. Wit. Id. (td.) 
15-pr.Q.F. 1912. ld. (1d.) 
13-pr.Q.F. 1911. 1d. (id.) 
12-pr. 12-ewt. Q.F. Land Service. 1914. 1d. (1d.) 
10 pr. B.L. 1%14. Id. (1d.) 
92 inch B.L. Mark IX., on Mark IV. Mounting. Land Service. 1914. 


ld. (1d.) 
9°2-inch B.L. SC” aiaee IX., on Marks V* and V. Mountings. Land 
Service. 1914. (14.) 


9°2-inch B.L. Marks x X”., and X*., on Mark V. Mounting. 1914. Land 
Service. 1d (id.) 

6-inch B.L. Marks VII. and VII’. Tand Service. 1914. Id. (1d.) 

é6inch B.L. Howitzer. 1912. ld. (1d.) 

6-inch Q.F. Land Service. 1914. 1d. (1d.) 

§-inch B.L. Howitzer. 1912. [Reprinted as 1914 with Amendment;.] 


4°7-inch Q. F. on Travelling Carriages. 1912. ld. (1d.) 
4°7-inch Q.F. Fixed Armament. Land Service. 1yl4. ld. (ld.) 
47-inchQ.F. Heavy Batteries. Provisional. 1914. 1d. (id.) 
45-inch Q F. Howitzer. 1914. ld. (1d.) 
4-inch Q.F. Land Service. 1914. Id. (1d.) 
2°95-inch Q.F. 1914. ld. (1d.) 

Guns. Handbooks for. (And see Guns. Drill for) :— 
 60-pr. B.L. Land Service. 1913. 1s. 6d. (1s. 3d 


18-pr. Q.F. Land Service. 1913. [Reprinted, with Amendments, 1914.] 
(/n the press) 
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15-pr. B.L.C. Marks I., II., II*. and 1V., with Mark I. Carriage, and 
Marks I., Ia., I6., "and Ic. Limbers and Wagons. Land Service. 
1912, 1s. (10d.) 

15-pr.Q.F. Land Service. 1914. 1s. 6d. (Is. 2d.) 

13-pr.Q.F. Land Service. 1913. [Reprinted, with Aswendaents: 1914.) 

(/n the press) 

12-pr. B.L. of 6cwt. Marks I. to IV. and 1Va., and Carriages Marks I*., 
I**,,and II. Horse Artillery. 1905. 1s. (1id.) 

10-pr. Jointed B.L. Mule Rani 1914. 1s. 6d. (1s. 2d.) 

9°45-inch B.L. Howitzer. 1906. (7d.) 

9°2-inch B.L. Mark IX., “C” Mark 1X., and Marks X., X"., and X*. Land 
Service. 1912. Ils. (id. 

8-inch R.M.L. Howitzer of 70 cwt. Movable Armament and Armament of 
Works. Land Service. 1901. 2s. (1s. 6d.) 

6-inch B.L. and B.L.C.. Guns, Mountings, &-. 1904. 1s. 6d. (1s. 4d.) 

6-inch B.L, Marks VII.and VIIvY. Land Service. 1911. 9d. (8d. 

6-inch B.L. Howitzer, 30 cwt. MarksI and I*. 1912. 1s. (10d.) 

6-inch Q.F. Land Service. 1903. 1s. (lud.) 

6-inch ‘‘B” Q.F. Land Service. 191]. Is. (10d.) 

5°4-inch B.L. Howitzer. MarkI. 1902. 1s. 6d. (ls. 2d.) 

5-inch B.L. Marks 1.—V. 1904. 9d. ,(9d.) 

5-inch B.L. Marks IV.—V. Land Service. 1903. ls. 6d. (ls. 2d.) 

§-inch B.L. Howitzer. 1909. 9d. (“d). 

4°7-inch Q.F. Fixed Armaments. Land Service. 1904. 1s. (11d.) 

47-inch Q.F.B. on Travelling Carriages. Land Service. 1914. (/n the press) 

4°5-inch Q. F. Howitzer. Land Service. 1914. 1s. 3d. (1s. 1d.) 

2°95-inch arn aia Equipment and Man Transport Equipment. 1914. 
2s. (1s. 6a. 

-303-inch and °303-inch Converted Maxim Machine (Magazine Rifle 
Chamber), on Carriages, M.G., Infantry, Parapet; Tripod and Cone 
Mountings. 1911. . (8d.) 

Do., Amendments. Oct. 1914. 1d. (1d.) 

-303-inch Nordenfelt 3-barrel and Gardner 2-barrel converted from 0°4-inch 
and 0°45-inch M.H. Chamber, Magazine Rifle Chamber, on Carriages. 
1900. Yd. (8d.) 


Historical Records of the British Army :— 

Horse Guards ; 17th Dragoons (Lancers). Mach ds. (3s. 7d.) 

Dragoon Guards, 3rd, 4th, 5th, 6th, and 7th. Each 4s. (3s.) 

Dragoons, 1st, 3rd, 6th, ith, 14th, and 16th. Each 4s. (3s.) 

Do. 12th, and 13th. Fach 3s. (2s. 3d.) 

Marine Corps. 38. (2s. 2d.) 

Foot, 2nd, 5th, 6th, 7th, 8th, 10th, llth, 138th, 15th, 16th, 17th, 18th, 19th, 
20th, 21st, 22nd, 34th, 36th, 39th, 46th, 53rd, ith, 7ist, 72nd, 
73rd, 74th, 86th, 87th, and yond. Each 4s. (3s.) 

Do. 14th, 56th, 6lst, 7oth, and 88th. Each 3s, (2s. 3d.) 
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Histories, eaorks of the Territorial Regiments of the British 


my. 67 numbers, each ld. In one volume, ds, 


Do. The Scots Guards. Id. (1d.) 
The 6th (Inniskilling) Dragoons. ‘ld, (1d.) 
ld. (id.) each :— 


Do. Revised Editions. 

Alexandra, Princess of Wales’s Own 
(Yorkshire Regiment). 

The Bedfordshire Regiment. 

The Black Watch (Royal High- 
landers). 

The Cameronians (Scottish Rifles). 

The Cheshire Regiment. 

The Duke of Wellington’s West 
Riding Regiment. 

The Durham Light Infantry. 

The Fast Lancashire Regiment. 

The East Surrey Regiment. 

The Hampshire Regiment. 

The Highland Light Infantry. 

The Kings Own Yorkshire Light 
Infantry. 

The Lancashire Fusiliers. 


The Northamptonshire Regiment. 

The Oxfordshire and Buckingham- 
shire Light Infantry. 

The Prince Albert's (Somersetshire 
Light Infantry). 

The Prince of Wales's Leinster 
Regiment (Royal Canadians). 

The Princess Charlotte of Wales’s 
(The Royal Berkshire Regiment). 

The Princess Louise's Argyll and 
Sutherland Ilighlanders. 

The Royal Inniskilling Fusiliers. 

The Royal Sussex Regiment. 

The loyal Warwickshire Regi- 
nent, 

The Royal Welsh Fusiliers. 

The Suffolk Regiment. 


Hospitals. Military Families’. Nursing Staff Regulations. Dec. 1909. 1d, 
(id 
Hostilities without Declaration of War from 1700 to 1870. 2s. 


Hygiene. Elementary Military. Manual of. 1912, 6d. (6d.) 

Indian Empire. Our. A Short Review and some Hints for the use of 
Soldiers proceeding to India. 6d. (6d.) 

Infantry Training. (4-Company Organization.) 1914. 6d. (6d.) 

ert Garrison and Regimental. ules for the Management of. 
912 . 

Intelligence Duties in the Field. Reyulations for. 1904. 2d. (2d.) 
Italian Cavalry Training Regulations, 1911. Training tor Marches, 
Tactics of Minor Units, and Training of Patrols. Translated. 4d. (3d.) 

Jamaica. Standing Orders. 1912. Is. (§d.) 
Jersey. Royal Militia of the Island of. Regulations, 1914. With 
the Jersey Militia Law, 1905. Is. 3d. (l1d.) 
King’s Regulations and Oriers for the Army. 1912. (Reprinted, 
with Amendments up to Aug. 1914.] 18. 6d. (1s. 4d.) (/n the press) 
Kit Plates :— 
‘Artillery. Royal :— 
1, Horse and Hela. Kit in Barrack Room, 1912, 2d. (2d.) 
2. Do. Kit laid out for Inspection. 1908 2d. (2d.) (C’nder reviston) 
6. Garrison. Kit laid out for Inspection. 1909. 2d. (2d.) 
10. Do. Kitin Barrack Room. 1909, 2d, (2d.) 
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Cavalry. 1891. 1d. (id.) 
Engineers. Royal :— 

1. Dismounted. Detail of Shelf and Bedding, with Marching Order 
ready to puton. Detail of Shelf and Bedding, with Drill Order 
ready to puton. 1914. ld. (1d.) 

2. Dismounted. Full Kit laid out for Inspection in Barrack Room. 
1914. ld. (id.) 

4. Mounted N.C.O. or Driver and Field Troop Sapper. Full Kit laid 
out for Inspection in Barrack Room. 1910. 1d. (1d.) 

5. Mounted. Detail of Shelf and Bedding. 1910. 1d. (1d.) 

6. Driver, with pair of Horses. Field hit laid out for Inspection on 
Parade, including Articles carried in Valise on Baggage Wagon. 
1899, ld. (ld.) 

Infantry :— 

1, Kit in Barrack Room. 1905. 2d. (ad.) 

2. Kit laid out for Inspection. 1905. 2d. (2d.) 

Highland. 1881. 1d. (Id.) 

Medical Corps. Royal Army. Kit in Barrack Room. 2d. (2d.) 
Ordnance Corps. Army. [Tor Guidance at Marching Order and Kit 

Inspections, 2d. (2d.) 

Land Warfare. An exposition of the Laws and Usages of War on Land, for 
the guidance of Officers of I.M. Army. 1s. (10d.) 
Large Formations. The Operation of. Translated from the German. 


(/n the press) 
Law. Military. Manualof. 1914. 2s. (ls. 9d.) 


meer aes a Reserve Forces and Militia. Manualof. 1886. Ils. 6d, 

ls. 2d. 

Machine-Gun. Tests of Elementary Training. 1d. (1d.) 

Machine Guns and Small Arms, ‘3038-inch. Nomenclature of Parts, 
Stripping, Assembling, Aqtion. Jams, Missfires, Failures, and Inspection of. 
Revised Edition. 1913, sv. (3d.); Amendments, No. 1. ld. (Id.) 

Magazines and Care of War Materiel. Regulations for. 1913. vd. (92.); 
Amendments, July, 1914. 1d. (1d.) 

Map Reading and Field Sketching. Manual. 1912. Is. (11¢d.) 
\Ana see Schools, Army.) (Hepriating) 

piecuentsn as applied to Artillery. Noteson. Second Edition. ivuz. 1s. 
(l1d.) 

Medical Corps. Royal Army :— 

Admission to. Kegulations for. Jan. 1912, ld. (1d.) 
Standing Orders. 1914. 1s. (10d.) 
Training. 1911. 9d. (9¢d.) 

Medical Department. Army. Index to Appendices of Reports from 
1859 to 1896. 3d. (37/.) 

Medical Service. Army. Regulations. 1906. {Reprinted, wilh Amend- 
ments, 1914.) (in the press ) 
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CHAPTER IL—CARE OF AEROPLANES. 


1. General.—The endurance and air worthiness of aero- 
planes largely depend upon the care which is spent upon 
them. Aeroplanes should not be exposed to extremes of 
heat and cold. However well seasoned the wood may be, 
if it is allowed to absorb moisture, it will invariably 
deteriorate. Sheds, therefore, should be kept dry, and, 
as far as possible, at an even temperature. 

An aeroplane can never be too clean. Rust, mud, dust 
and superfluous oil must be at once removed when it returns 
to the sheds. Further, an aeroplane, once housed, must 
have its weight supported in such a manner that there is no 
strain on the flexible suspension of the wheels. In this con- 
nection it must be remembered that the supports should be 
placed in such a position that the main weight of the machine 
is directly over them. 

The best position is immediately under the points where 
the undercarriage struts meet the skids. 

Before an aeroplane proceeds on a flight, and after its 
return, all parts, such as control and aileron wires, fabric, 
&c., must be thoroughly examined, and the least sign of 
wear in any part must be at once corrected. It is important 
to watch the wear of the control wires at points where they 
pass over pulleys or through fair leads. For a thorough 
examination it is necessary to remove the grease first. 

All engines must be thoroughly tested before flying ard 
after any repairs, or overhaul, have been effected. 
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6 CHAPTER I. 


Finally, once a week, a thorough examination must be 
made of all struts, internal bracing wires of fuselage, &c., 
with a view to checking any damage, or want of alignment. 

If an aeroplane makes a forced descent, and has to be left 
in the open, it is important to guard against probable con- 
tingencies. The aeroplane must be placed in aa sheltered a 
place as possible, such as a hollow, or under the lee of a 
hedge, facing the probable direction of the wind, and must 
be pegged down. 


2. Fabric.—The following points must be understood 
by all:— 

Fabric is protected from the damp by doping it with 
*‘emailite.’ Oil deteriorates both fabric and proofing 
material and must at once be removed as far as possible. 

Portions of fabric, which are liable to get saturated with 
oil, will require more frequent doping than the remainder. 
Tt will also be necessary to examine the woodwork beneath 
the fabric. An aeroplane in fairly general use will require 
redoping every six months. 

Holes in the fabric must be repaired at once. If the hole 
is small a strip of fabric can be stuck over the hole and 
doped. If the hole is large it will be necessary to sew the 
patch in. 


3. Woods.—Although proofing materials, such as “‘emaillite’’ 
and ‘‘cellon,’’ are commonly thought of in connection with 
fabric, it must be remembered that they also afford an 
excellent protection to wood from damp. 


4. Internal bracing wires.—These must always be painted 
in the case of both main planes and fuselages. The colour 
of the paint should be light so as to show up any signs of 
rust. | 


CARE. ‘OF AEROPLANES. A 


5. External bracing wires.—All external bracing wires must 
be either painted or greased. 

‘6. Turnbuckles.—These must be protected from rust by 
a light film of grease. They must have sufficient threads 
engaged consistent with safety, and must be locked. 

7. Tyres.—Tyres are injured by oil and grease. If they 
come in contact with such substances they must be at once 
cleaned. 

Pools of oil, therefore, must not be allowed to remain on 
the floors of sheds. 

Tyres should always be properly pumped up. 

8. Engines.—Engines must be protected, whenever possible, 
by means of canvas covers which should be specially made 
to fit. Electric cables must be fitted so that the insulating 
material will not be exposed to damage either by excessive 
heat or by chafing against some sharp edge of wood or metal. 
Long lengths of unsupported cables are bad and should be 
avoided. 

9. Propellers.—Propellers must be protected in the same 
way, as exposure to damp renders them liable to warp. 

As soon as flying is finished propellers must be wiped 
over. 

10. Bolts and nuts.—Must be properly tightened up and 
locked by means of split pins or by burring the threads. 

11. ZLogs.—Rough logs kept in each flight, in which all 
details of flights, overhauls, repairs, expenditure of fuel 
and oil, &c., are entered at the time the casualty occurs, are of 
assistance in making the fair logs an accurate history of the 
aeroplane and engine. 
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CHAPTER IL—CARE OF AEROPLANE SHEDS, 


1. General.—All aeroplane sheds must be kept free from . 
dirt. 

Broken parts of aeroplanes or engincs must not be left 
lying about, but must be separately stored until they can 
be repaired, or otherwise disposed of. Sound struts and 
similar parts must be kept together. 


Irrepairable parts must be at once turned over to the 
proper store, or otherwise struck off charge and disposed of 
in accordance with the orders in force. 


Smoking in the sheds must be strictly prohibited. 


2. Floors.—Floors must be kept clean by the application 
of hot water and caustic soda. Sawdust must not be allowed 
‘a3 it accumulates dirt—it is only permissible in a tray to 
catch the waste oil from the engines. 


3. Benches.—When aeroplane sheds are provided with 
benches and vices, it is convenient that the benches should 
be fitted with “ lock-up ” drawers for the storage of tools. 


4. Tool boxes.—Places should be allotted for the mechanics’ 
tool boxes and their contents must be periodically inspected. 


A list of the correct contents of 9 box should be pasted 
inside the lid, : 
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5. Trays.—Every shed should have suitably partitioned 
' trays for the reception of engine parts when engines are taken 
down for cleaning or repair. Parts of engines must never 
be left lying scattered about, or mixed with parts of other 
engines. 


6. Stands.—Stands must be provided for engines to rest 
on when taken out of the aeroplanes. 

If Gnome engines are used in the flight, it is advisable 
that a bench should be fixed in the shed to take the engine. 
This will facilitate timing, &c., before mounting the engine 
in the aeroplane. 

7. Clothing.—Pegs must be provided for aviation clothing 
and helmets. No clothing should be allowed to lie about. 


8. Spare yarts.—Only the authorized spares may be kept 
in the sheds. The tendency to accumulate unauthorized 
spare parts must be checked. Care must be taken that spare. 
parts, where applicable, are kept properly oiled or greased | 
to prevent rust. Each part should bear a label showing 
exactly what it is and what it belongs to. 


9. Blow lamps.—Blow lamps are not to be used except 
by authorized persons. 


10. Fire—Owing to the inflammable nature of the 
building, and the large value of the articles kept in it, every 
precaution must be taken against fire. Fire alarms must 
be practised in flights at periodical intervals. Buckets of 
sand and water and hand pumps must be kept ready filled 
at convenient places in each shed. One petrol fire extin- 
guisher, such as “ Petrolex,” should be kept in each shed 
ready for use, and all ranks should know how to use this 
apparatus. 
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11. Damp.—Every precaution must be taken to guard 
against damp. 

12. Notice boards—A notice board should be provided 
in one of the sheds of each flight, on which, amongst other 
items, should be posted the name, address and relationship 
of the next-of-kin of every N.C.O. or man in the flight. 
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CHAPTER IJI—REPAIR OF AEROPLANES AND 
ORGANIZATION OF WORKSHOPS. ~~ 


The following has been found to be a suitable memes 
tion :—: | 

1. Personnel.—The personae available should. be divided 
into three separate departments, with a serjeant in charge 
of each. The warrant officer should exercise general 
supervision over each department. 

The three departments are ;— 


{a) Aeroplanes ; hull. 

(6) Fabric work. 

-(c) Engines, including blacksmith’s, coppersmith’s and 
welding work. 


It is desirable that these departments should he located 
in separate buildings, but in small establishments. this will 
not always be possible. 

All mechanics must’ be made to realise that the greatest 
care and attention to the minvtest details is absolutely 
necessary, 
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2. Examination and dismantling of aeroplanes.—This 
work, if it is made a matter of routine, is simple and 
occupies a small amount of time. The following is the 
system which has been found suitable :— 


(a) In the case of serious damage or periodical overhaul, 
the aeroplane must be taken at once to the work- 
shops by the men of the flight to which it belongs. 

(6) The officer in charge of workshops then carries out 
his detailed examination, and prepares a statement, 
setting out in detail the general condition of the 
machine. 

. (c) The aeroplane is then stripped and all parts labelled. 

(d) In all cases in which the machine has been in an 
accident the engine must be removed for a thorough 
examination and overhaul. For this purpose it 
must be handed over to the engine department. 

(e) The parts which are not repairable are removed to 
the authorized place, and all small stores, such as 
turnbuckles, bolts, nuts, &c., which are apparently 
still serviceable are extracted and handed into the 
workshops store. In the store they are kept separate 
from the other spares until they have been pro- 
nounced serviceable, or otherwise, by the officer 
in charge. 

({) The parts which can be repaired and made fit for 
service are labelled, and sent to the department 
concerned where they will await their turn for 
repair. : 

(g) The undamaged parts are handed into the workshop 
store properly labelled. These should, be taken 
on temporary charge as spare in the workshop store 
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until the aeroplane is again ready for them. lf 
the aeroplane cannot be repaired the undamaged 
parts must be taken on permanent charge in the 
store account of the unit. 


(hk) All instruments requiring repairs should be returned 
to store, and the officer in charge of workshops 
should decide whether the instruments are to be 
returned to the makers for repair or not. In the 
latter case a Board must be held and the instru- 
ments struck off charge. 


(1) Any parts of the aeroplane which require further 
examination before a decision as to their service- 
ability can be given are labelled and stored neatly 
together, away from the remaining parts, until they 
can be examined, 


(7) Before any repairable or sound parts are handed over 
to their respective departments, they should be 
thoroughly cleaned. 


3. Repair work. (a) Engines.—A system must be estab- 
lished and worked on whenever an engine is taken down 
for repair and reassembled. Suitable stands must be pro- 
vided on which to place the engines. Trays divided up 
into compartments, in which to put each part of the engine 
as it is removed, are a necessity. Jt is a good system to have 
each compartment numbered and the parts from each 
cylinder, and its attachments, put into that compartment 
corresponding to its number in the engine. 
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Only in cases of urgency should parts of one engine be 
used to complete another. If such a course is necessary, 
care must be taken that the parts so used are numbered 
afresh so as to correspond with the numbering of the engine 
in which they are to be used. Thus, if No. 5 piston of one 
engine is to be used as No. 7 of another, it should be 
re-numbered 7. 


When reassembling an engine the utmost care is necessary 
to ensure that all the parts are absolutely clean and free 
from grit and dirt. Petrol baths are a necessity. 


Every part should also be thoroughly oiled before being 
replaced. Any metal part which has been bent should on 
no account be straightened and replaced in the engine without 
the knowledge of the officer in charge of workshops. As a 
general rule bent parts must not be straightened and used 
again. 


(6) Hull_—Planes, while awaiting erection, must be 
properly supported on trestles. When the aeroplane is being 
erected all parts intended for that particular machine must 
be kept together so as to avoid using wrong parts. 


(c) Fabric.—No fabric that has already been used once 
and doped can be used again for re-covering another plane. 
Care must be taken to ensure that the fabric used is free 
from oil. Fabric workers should work in pairs. As far as 
possible the fabric shop should be kept warm and dry and at 
a constant temperature. 


4. Care of machinery.—Only the mechanics authorized by 
the officer in charge of workshops should be allowed to use the 
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lathes, saws, &c., with which the workshops are provided, 
and to start the motors for driving these machines. 


With electrically driven machinery, care must be taken 
that all switches are “‘ off’ before the shops are closed at the 
end of the day. Lathes, &c., and their accessory parts 
must be kept properly oiled and greased, and free from rust. 
All belting must be provided with suitable guards. All 
flat-faced surfaces in lathes should be suitably protected by 
wood to prevent them from being damaged by tools falling 
on to them. 


All shavings, sawdust, and metal turnings must be cleared 
away from the machines daily. The metal turnings should 
be preserved for future use or sale, different metals being kept 
separate. 


_5. Stores and spare parts.—No mechanic should be allowed 
an opportunity of making a private collection of spare parts 
for use in effecting repairs. 


Pigeon holes should be provided for engine spare parts 
and various small stores, which should be labelled. 


Spare parts, where applicable, must be kept greased or 
oiled. 


When drawing new parts from the store, mechanics should, 
as a general rule, and if possible, hand in at the same time 
the corresponding broken part. Broken or unserviceable 
parts must not be allowed to lie about; if they are, there is 
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a possibility of their being used again by a careless workman. 
Condemned parts should be clearly marked (e.g., with deeply 
cut cross). 


6. Storage ‘of spare planes.—Spare planes should be stored 
in such a manner that their weight is evenly supported. One 
plane must not be allowed to butt against another. In this 
connection it has been found best to suspend planes by 
means of canvas slings hung from overhead. Within the 
loop of the slings there must be a batten about 24 inches 
wide. By this method the plane is supported evenly the 
whole way along. 


7. General remarks on organization.—Workshops must be 
kept clean. At regular intervals, not less than once 
a week, all rubbish must be removed. Boxes should 
be provided in which waste metal, such as brass or steel 
turnings, may be kept. The benches must not be allowed 
to become mere shelves for an assortment of rubbish, spare 
parts and discarded breakages. No articles should be kept 
on a bench close to where some particular work is on hand, 
which has not a direct bearing on that work. 


When an engine has been overhauled and tested it should 
bear a label showing date of test, time run, and number of 
_revolutions obtained. It should then be put to one side 
and greased, pending the necessity arising for its use in an 
aeroplane. Engines must be turned by hand daily. 


* 
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Log books should, if possible, be made up daily, the work 
actually done on each aeroplane or engine during the day 
being entered. Logs must invariably be made up to date, 
signed and forwarded at the same time as an engine or 
aeroplane leaves the charge of the officer in charge of work- 
shops. : 


Smoking in the workshops must be strictly prohibited. 
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CHAPTER IV.—ASSEMBLING, ERECTING AND 
TRUEING UP OF AEROPLANES. 


Note.—When working drawings of an aeroplane are avail- 
able they must be strictly adhered to during the process of 
erecting and trueing up. 


1. General principles.—(A) Selection of materials :— 


Before commencing to erect an aeroplane, care must be 
exercised in the examination of all parts that are to be used. 
Attention must be paid to the following :— 


Metal— 
(i) There must be no signs of rust or flaws. 
(ii) Only bright bolts and nuts should be employed. 


(iii) Piano wire should not have been previously hent, 
and must be free from kinks. 
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(iv) Stranded wire or cable should be regularly twisted 
and not frayed at any point. 


(v) Tubing should be perfectly straight and should not 
show signs of having been previously bent and 
subsequently straightened. 


(vi) The threads of bolts, nuts and screws should be clean, 
and not worn or burred. 


(vii) Strut sockets and other metal fittings should not be 
bent out of their original shape. Such fittings should 
also not be used if they show signs of having been 
bent and subsequently straightened. In the case 
of aluminium sockets, care must be taken that there 
are no cracks, especially where the sockets have 
been previously subjected to severe strains. Hye- 
plates and eye-bolts should show no signs of wear 
or fracture. 


W ood— 


‘The correct wood for the various parts of aeroplanes 
must be used. There should be no signs of flaw 
and the wood should be properly seasoned. Struts 
must be straight; any departure from a straight 
line runs the risk of being accentuated by end 
pressure to a sufficient extent to involve collapse 
by fracture. 


Fabric— 
Should show no signs of deterioration. In covering a 


plane, fabric that has already been doped should 
not be employed. 
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(B) Fitting of accessory parts :— 

(i) All internal drift wiring and any metallic fixings 
covered by the fabric must be painted with some 
rust-resisting material, such as velure: a light- 
coloured paint is preferable. 

(ii) In trueing up wires, the following instructions must 
be adhered to :-— 

(a) Turnbuckles must not be worked upon with pliers 
or other tools. A wire, passed through the hole 
provided in the barrel, must be employed, the 
screws being held by the fingers. 

(6) Turnbuckles must not be shortened up to the 
limit of their screw threads. The wire itself must 
be shortened, or a new wire fitted. 

(c) Turnbuckles must always have at least $ inch of 
each thread engaged, and as a rule must not be 
covered with tape. 

(d) Under no circumstances is it permissible to saw 
off a portion of a turnbuckle. 

(e) In cases where two wires which cross one another 
are liable to rub, they should both be bound with 
insulated tape at the point of crossing. 

(iii) If the control wires of any machine are very long 
(é.g., Maurice Farman), the parts which have a 
straight lead may be made of piano wire. All con- 
trols, however, at the points where they pass round 
pulleys, or through fair leads with a big change of 
direction, should be made of cable. In some 
machines, where the change of direction is very 
slight and fair leads are employed, piano wire, 
and not cable, is used by the makers. 
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‘(iv) The following general rules in regard to controls 
have been standardised in the R.F.C., and, in 
erecting acroplanes, should be complied with :— 

Engine switches of the tumbler type must be 
mounted to operate as follows :-— 

(2) When mounted horizontally the lever is to be 
pushed forward, 7.e., towards the front of the 
aeroplane for “ contact” or running position, and 
pulled back for the “ off ”’ position. 

(6) When mounted vertically the lever is to be raised 
for “contact,” and depressed for “ off.” 

Throttles, when fitted, are to be arranged so 
that the lever is pushed forward to open the 
throttle and pulled back to close it. 

(v) Fitting clips on control wires :-— 

With this type of fitting it is usually best to 
employ a thimble. 

When fixing the clips a blow-lamp must never be 
used for the purpose of distributing the solder. 
A soldering iron only may be employed. 


(vi) All cable should be stretched before fitting. 


(vii) All pulleys and fair leads for wires should be greased. 
(viii) Fitting piping :-— 

Piping of all kinds must be arranged with a 
proper. regard to the amount of vibration to which 
it will be subjected. Long unsupported lengths 
should be avoided. In metal piping it is generally 
advisable to fit a joint of specially prepared 
rubber tubing close to unions, as the latter fre- 
quently become a seat of fracture. Although the 
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special rubber tubing is prepared to resist the action 
of petrol and oil, it will nevertheless gradually . 
deteriorate, and will require examination and 
renewal at short intervals. Chokes in pipes are 
frequently caused by deterioration of the lining of 
the tubing. 


(ix) All bolts, nuts, &c., must be secured in some positive 
manner to prevent them from slacking back. The 
ordinary split pin above a nut is useless for this 
purpose, unless the nut is washered up to the split 
pin and the nut a tight fit on the bolt. 


The following are the most general methods of securing :— 
(a) Castellated nut fitted with a split pin. 


(6) End of bolt (or stud) riveted over the top of the 
nut. 


(c) Check nut fitted over ordinary nut and a split 
pin fitted to bear on the upper nut. 


(d) The thread at the end of the bolt may be burred. 
(c) Spring washers are often fitted underneath nuts, 
but this is not a positive lock. 


({) A keep plate is sometimes fitted to the nut in the 
case of bolts. The bolt must, however, be fitted 
with a feather. 


(g) A spring keep ring fitted round the end of a pin 
which has a groove cut to receive it. 


(h) With turnbuckles. A wire passing through the 
hole in the barrel and secured to both eyebolts. 
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Turnbuckles which require frequent adjustment 
should be locked with steel wire, as it is more 
convenient to detach. Those which: are not 
likely to require adjustment should be locked 
with soft iron wire. y=? 


(C) Trueing up planes, &c. Before they are covered with 
fabric, planes, &c., must have their main spars correctly 
aligned. This is done by adjusting their internal bracing 
wires, 


cd = Flying drift wires. ab= Landing drift wires. 
front spar e— 





lear spar 


es Sr 


Trailing edge. 


PLAN.—ILLusTRATION oF INTERNAL Bracine OF A PLANE, 
DISTINGUISHING THE FLYING AND LANDING WIRES. 


In the internal wiring the flying wires are sometimes 
doubled, on account of the additional strain brought on them 
when the machine is flying. 


The accompanying diagram illustrates the internal wiring 
of a plane. | 


(D)-Covering and doping planes, &c.—Various makers 
use various fabrics, which differ from each other considerably, 
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The shrinking and preservative agents employed by various 
makers also differ widely. The best known amongst the 
latter are rubber, pegamoid, cellon and emaillite. 


Two methods are employed in covering planes, and both 
methods have about an equal number of supporters. The 
two methods are :—(a) The diagonal method; and (b) the 
straight method. Method (a) is said to give the greater 
strength, but it:is found that some makers of lightly loaded 
machines use methad (a), while, on. the other hand, some . 
makers of ie alae heavily loaded machines use method 


(6). 
Notes on various pes: — 


B.E. planes.—The fabric is sewn with fails and thread 
along the trailing edges and around the curved edges. It 
is also sewn with twine through the plane to the reverse side 
along each rib. Rubber solution is then thoroughly rubbed 
into the fabric with the fingers along each rib and rubber 
adhesive tape applied. Rubber adhesive tape is similarly 
applied around the curved ends and the trailing edges. 


Dome-headed brass tacks are driven in along each rib to 
further secure the fabric. The planes then receive three 
coats of the correct emaillite solutions. | : 


Maurice Farman.—A wire is used to support ae trailing 
edge of the planes, and the fabric is sewn to the wire with 
needle and thread. The edges of the planes are finished off 
with tape and tacks. The fabric is secured to the ribs by 
flat-headed brass tacks, narrow strips of tape being employed 
along each rib between the fabric and the heads of the tacks - 
to prevent the latter from drawing through the former. 
Special care is necessary not to draw the fabric too tight near 
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the straight edges of the main plane sections. Unless this ~ 
precaution is observed the outermost rib will be dragged 
inward in a curve and difficulty will be experienced in fitting 
the sections of the main planes together. 


Avro.—The construction of the planes of this machine 
allows the fabric to.be carried over the straight edge and to 
be secured by tacks driven into the edge. When covering 
the outer sections of the main planes care must be taken 
not to stretch the fabric too much. The observance of this 
precaution will permit of the maximum amount of warp being 
obtained. The ribs are finished off with narrow linen tapes 
and dome-headed brass tacks. 


(E) Fitting main planes.—Main planes must have their 
leading edges symmetrically disposed on either side of the 
aeroplane, that is to say :— 


(i) Where the leading edges, or portions of them, have a 
dihedral angle they must be equally inclined to the 
horizontal on each side of the fuselage. 

(ii) Where the leading edges, or portions of them, are to 
be horizontal those portions must lie in the same 
horizontal plane from one side of the machine to 
the other. 


(iii) Where the leading edges, or portions of them, are 

set back so as to make an angle with the transverse 
- axis of the aeroplane, that angle must be the same 
on both sides of the machine. 

(iv) Where the leading edges, or portions of them, are 
to be at right angles to the longitudinal axis of the 
aeroplane those portions should, in plan, lie on the 
same straight line. 
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(F) Fitting strut sockets.—The position of the struts on 
the bottom plane (or sections) are first marked ; two lines, 
one along the-centre line of the main spars and the other at 
right angles to them, are drawn through the point where the 
axis of each strut meets the plane. The positions of the strut 
ends on the upper planc are next marked off directly from 
the points obtained on the top of the lower plane. This is 
best done by putting the top plane on the lower plane in such 
a position that the fore and aft centre lines of both planes 
correspond. 


The strut sockets are then fitted into their correct positions 
on the main spars. Care must be taken that the sockets 
are correctly squared up so as to avoid any tendency to bend 
the ends of the struts when they are stepped into place. 
Thin wood packing can be used under the sockets if necessary 
for squaring them up. 


When the struts are inserted care must be taken to ensure 
that their ends are well home in the sockets. 


(G) Trueing up the bays between the planes and adjusting 
the angle of incidence.—When the struts have bcen inserted 
between the planes the bays formed by adjacent struts both 
fore and aft must be trued up. The pair of diagonal wires 
in each bay should, as a general rule, exactly correspond. 
If, however, the main spars are not of the same thickness 
throughout (as is the case in some machines), then corre- 
sponding diagonals in corresponding bays must be equal. 
In checking the diagonals allowance must be made for any 
correct variation in the length of the struts. 


If any wire is found to come too taut it is a sure sign that 
some measurement is wrong somewhere. 
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As beforé the flying wires are sometimes doubled, as an 
additional strain. is brought on them when the machine: is 
flying. bere” - 4 ‘ P ‘ : a) 
The accompanying diagram illustrates the wiring between 
the planes. . 


a b=Landing wires, 9 Tr - d= Flying wires, 


ELEVATION, LOOKING AFT.—ILLUSTRATION OF THE WIRING OF 
TIE CELLS BETWEEN THE MAIN PLANES. 


: Top 





plane. 
Bottom 
¢ plane, 





When checking the angle of incidence of the main planes 
the tail of the machine must be packed up to correspond 
with its flying position; this will usually be given when the 
engine bearer is horizontal. The angle ean then be checked 
by finding the difference of level between the front and rear 
spars of the planes. In cases where cross (“incidence ’’) 
wires are fitted fore and aft between the struts, the angle 
can be varied by tightening one cross wire and slackening 
off the other. If the wing is a warping one these cross wires 
will be absent, and the incidence can only be altered by 
shortening or lengthening the warp control wire itself, or by 
fitting suitable springs on to the control lever in such a way 
that a greater tension is brought on one warp wire than on 
the other. 
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(H) Adjustmg ailerons.—In order’ to obtain correct 
balance ailerons must: be in @ neutral position, t.e., in 
direct continuation aft of the main planes when the 
machine is flying horizontal and level both longitudinally 
and transversely.. 


The machine must be packed up into its flying position 
and the control lever lashed central (or into the flying posi- 
tion). The control wires should then be adjusted so that 
the trailing edges of the ailerons come about 1 centimetre 
below those of the planes to which they are attached. The 
force of the air stream against the ailerons will then keep 
the latter level with the main planes when the machine is in 
fight. In fitting the ailerons care is necessary to ensure 
that there is a proper clearance between their edges and the 
edge of the adjacent portion of the fixed plane. 


(I) Adjustment of fore and aft balance.—Apart from the 
tail planes, correct fore and aft balance can only be obtained 
when the elevator (or elevators) is doing no work, #.e., in its 
neutral position. The front elevator is in a neutral position 
when it passes through the air edge on. The rear elevator is 
in a neutral position when it is in direct prolongation of the 
tail plane. With two elevators care is necessary to ensure 
that one does not work against the other. 

In every type of aeroplane, where they exist, tail planes 
must fulfil the three following conditions :-— 

(i) The fore and aft axis of the tail plane must coincide 
truly in plan with that of the aeroplane. 

(ii) The transverse axis of the tail plane must be hori- 
zontal when the transverse axis of the aeroplane is 
horizontal. 
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(iii) The angle of incidence of the tail plane must never 
exceed that of the main planes. 


With a lifting tail the fore and aft balance of the aeroplane 
can be altered by altering the angle of the tail plane relatively 
to the main planes. This can be done by varying the length 
of the fore and aft cross wiring between the tail struts, or, 


in the case in which a single tail plane is employed, by. 


chocking up its leading edge with suitable packing. With a 
flat or non-lifting tail plane this latter method is dangerous, 
on account of the masking effect on the elevator. 


(J) Checking the alignment of the fuselage in tractor aero- 
planes.—The two sides of each bay formed by a pair of 
adjacent struts on either side of the fuselage should be equal. 
Adjust the cross bracing until they are. During this process 
it is necessary to test, with a line or straight edge, the booms 
forming the top and bottom faces of the fuselage. If the 
booms are becoming bent or distorted it is a sign that either 
the strut fitted is too long, or that the strut sockets have been 
incorrectly marked off. A final test is obtained by running 
a string from the centre of the forward cross sectional bay 
to the centre of the fuselage rear strut. ‘The diagonals of 
all the cross sectional bracings should meet on this line. 
The cross wires, in other words, should all sight into one 
point. - 


(K) Counteraction of propcller torque.—In cases in which 
a single propeller, or tractor, is employed there is a tendency, 
on account of the turning motion of the propeller or tractor, 
for the aeroplane to turn about its longitudinal axis in a 
direction opposite to that in which the propeller, or tractor, 
is revolving. 
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There are various methods employed for counteracting this 
tendency. The chief are :— 


Maurice Farman and Henry Farman.—The incidence 
wires are adjusted so as to give the main planes 
greater lift on the dipping side. 

B.E.—A spring at the control lever exerts a greater 
tension in one warping wire than the other. 


Racing monoplanes.--Greater surface is provided on the 
side tending to dip. 

Avro (warping type).—Greater incidence wired on to 
the inner, or fixed sections, of the main planes on 
the dipping side. 


(L) Notes on scarfing.—In the case of a fracture occurring 
with a solid spar, or one of the box type that is wide enough 
(say 2 inches), it is often possible to make a good repair. 
by scarfing on a new length. The scarf must be long com- 
pared to the depth of the spar and the two picces of wood 
forming it must be a good fit on to each other. After 
fitting the two halves of the scarf together they must: be well 
glued and then clamped till the glue has set. The joint is 
then planed up and examincd to see that it is a close one 
and does not have a thick layer of glue between the two 
thicknesses of wood. The two halves of the scarf are then 
bolted together as an additional precaution, large washers 
.being employed under the bolt head and nut so as to prevent 
them from cutting into the wood and crushing it when 
tightening the nut. A waxed whipcord lashing is then served 
round the joint, each turn of cord being securely knotted 
to prevent its coming adrift. The cord may be glued finally 
as a further precaution. 
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2. Notes on trueingup “ Avro” Biplanes, Types E and Es. 
—When the machine is to be assembled, the plane sections 
should be arranged in numcrical order, according to Fig. 1 


(below). These numbers will shortly be marked on the © 


planes ; at present they may be sorted out as follows :— 
1. By its short length. | 


2. By the holes for the bracing wires which pass through 
to support the top plane, and by the warping joints, which 
come at the outer ends. 

3. By the warping joints. 

4 and 5. Can be distinguished by the eons plates, which 
are above in 4 and below in 5. 


Lett Hand Right and 
R 





Fie. 1 (Rear VIEW). 


The struts are numbered according to Fig. 2, which shows 
them in plan. The centre four are short, the others long. 

Commence by fitting struts 1, 2, 3, and 4 to Section 1; 
raise the section on the struts and drop the latter into their 
sockets on fusclage. Tighten bracing wires sufficiently to 
hold in place. 
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Fie. 2 (Pian). 


Fit Section 2L (Fig. 1), being careful to support outer ends 
until wires 6 (Fig. 1) are on, otherwise the body attach- 
ments willbe strained. Fit Section 2R (Fig. 1) in the same 


way. 
it struts 3 and 7 to Section 3L (Fig. 1) and raise it into 
position, attaching to Section 1 (Fig. 1) by clips provided. 
Fit Section 3R in the same way. 
Attach wing-tip skids to Sections 4L and 4R (Fig. 1). 
(Note that these skids cannot be fitted on wrong sides, as 
their wiring is different.) . 


a 
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Fit Section 4L, observing above precautions as to support 
until braced by wires C (Fig. 1). Fit Section 4R in same 
way. 

Fit struts 4 and 8 to Section 5L, and attach this section 
in same way to 3L. Fit Section 5R in same way. 

Attach lift and warp wires but do not tighten them up. 

Fit tuil.—This is so simple as to need no instructions, 
except that care should be taken not to alter the lengths 
of the steel tube bracings. 

Couple up all controls. 

Trueing up. 

On examining the sides of the four struts, 1, 2, 3, and 4 
(see Fig. 3), there will be found, at the top and bottom of 
each, small holes (4-in. diameter) in positions indicated by 
centres of circles A, B, C and D in the figure. The bracing 
skould be adjusted until the distances BC and AD are both, 
as shown in figure, 3 ft. 10 in. 

This adjustment must be made on each side of the fusclage. 





Fie. 3. 
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On examining the fronts of struts 1 and 2, similar holes 
will be found (see Fig. 4, A, B, C, D). The bracing here 
should be adjusted till AD = BC = 38 ft. 7 in. 





Fig. 4. 


Important. While the machine is being trued up, the controls 

' must be lashed tight, the top of the lever being in. left of central, 

looking forward. (The eccentricity is to take up the propeller 
torque. ) 


On the leading edges of Sections 3 (Fig. 1), a short distance 
from their inner ends, will be found small aluminium plates, 
each pierced with a small hole. There are similar plates 
near the outer ends of the leading edges of Sections 2 (Fig. 1). 
The gauge supplied is to be applied diagonally to these plates 
(Fig. 5), and the wires 6 to be adjusted until the pins fall 
accurately in the holes. The lift wires should then be 


tightened up. 
(B 11009) B 
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Fia. 5. 


The same gauge is used in exactly the same way to true 
up the outer ces, gauging plates being provided at the inner 
end of Sections 5 and near the outside strut on Section 4. 

The planes are trued for angle by the use of an adjustable 
level-carrier (Fig. 6). This is placed on the wing close to 
the body, and the leg A adjusted till bubble is central. The 
adjustment is then fixed and the bracing between struts 
2 and 6, and 3 and 7, adjusted till the gauge shows level 
when placed close to these struts. This bracing and also the 
inner rear lift and weight bracing may then be tightened up. 
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The level-gauge is then placed close to the outermost 
plane-struts, and the warp and balance wires adjusted till 
bubble is central. These may then be tightened up. 

Note.—Experience only can give the correct tautness for 
bracing, but when the machine is at rest, the lift wires should 
have about 4 in. of central lateral play. 

The tail angle is carefully adjusted by the makers. Small 
alterations can, however, be made by the adjustment at one 
end of each stay-tube. Larger adjustments necessitate 
dismantling the tail and re-affixing the attachment of the 
trailing edge (or leading edge, according to the date of the 
machine) of the fixed empennage to the body. 

3. Notes on trueing up Henry Farman biplanes (1913 type).— 
For convenience of description the main planes can be divided 
up into sections as follows :— 

(i) Centre section GHIK (see fig.). 
(ii) The right and left sections RILG and KSHM 
respectively (see fig.). 
(iii) Extensions RLN and SMQ (see fig.). 





The planes are trued up in the usual manner. The spars 
however, are not parallel to each other throughout the entire 
length of the planes. In the centre section the front and 
rear spars are parallel. From the struts G and H the front 
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spars are swept back towards the outside ends 5 per cent. 
from the centre. This should be checked by means of a line 
parallel to the front spar of the centre section. The front 
spars, from the struts H and G are also swept upwards so 
that the points M and L are 23 mm. and the points Q and 
N 43 mm. respectively above a line drawn parallel to the 
front spar of the centre section. . 

The front spars of the extensions form a continuation 
of the line of the front spars of section (ii) of the top plane. 

The rear spars form continuous straight lines throughout 
their entire length (including the extensions), t.e., they are 
parallel to the front spars of the centre sections GHIK. 

The ribs are all identical throughout the plane, except that 
an appropriate amount is cut off their leading end as the 
chord becomes smaller towards the wing tip. : 

The struts having been checked for length and their attach- 
ments fitted to the plancs, the main cell can be erected so 
that the bottom plane is horizontal (by levels), both along 
the plane and across between its main spars. The best 
method of obtaining this is to fix four trestles with their 
top edges all level and to place the lower plane on the tops 
of the trestles, with its front and rear spars resting on the 
trestles. The trestles should come directly under the axes 
of the struts between the upper and lower planes. 

The centre line of the upper plane is then brought directly 
over the centre line of the lower plane by plumb bob and 
the cells between each pair of front struts and those between 
each pair of rear struts, brought square by making the 
diagonal wires between the struts of equal length. The 
struts should all now be vertical to the planes. This can be 


checked by hanging plumb bobs from the upper plane in 
line with the axis of each strut. 
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The incidence wires can now be set. If both the tops and 
bottoms of the struts be joined by lines the latter should 
form, with the axes of the struts, a rectangle. Adjust the 
incidence (or diagonal) wires between the front and rear 
struts until they are equal. 

Extensions.—These are fixed into place and supported by 
their upper wiring only. The main cell still being maintained 
horizontal (by level), the position of the extensions is fixed 
by adjusting their upper wiring till both their front and rear 
spars are level throughout their length. The flying wires 
to the extensions can then be inserted. 

Tail booms.—The lower booms slope upwards, making an 
angle of 83* degrees with the main cell struts, but the struts 
between the top and bottom booms are parallel to those of 
the main cell. In order to fix the lower booms, keep the 
main cell with its struts vertical (by plumb bob) and then 
fix the tail booms into place, packing up their rear ends until 
the lower boom has the required upward slope (1 in 9). 
One method of checking this slope is to make a wedge of slope 
lin 9 about 1 foot long. If this be placed on one of the lower 
tail booms the upper surface of the wedge should be horizontal. 
The junction of the booms, from each side of the main cell, 
shouid lie on the centre line of the main cell produced. 

Tail plane.—The tail plane is next fitted into place. Its 
front and rear spars should be parallel and at the same time 
level, i.e., there should be no incidence or difference of level 
between these two spars. As a check the difference of level 
between the main spars of the main upper plane and those 
of the tail plane should be 30 centimetres, the tail plane 
being the higher of the two. 

* In some of the later 1913 Henry Farman machines this angle is 
increased to 84°, or a slope of 1 in 9°5. 
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Ailerons and elevator.—The aileron and elevator controls 
are so adjusted that the control is upright when the ailerons 
and elevator form a continuation of the planes they are 
attached to. 

Undercarriage.—The undercarriage is then fixed on and the 
skids brought to thcir correct position in a fore and aft 
direction, and also parallel to each other and the centre line 
of the machine. 

4. Notes on trueing up Maurice Farman biplanes (1912 and 
1913 types).—First take the main planes, bolt them together 
and stick strips of fabric over the joints on the top and 
underneath. 

Then place 8 struts—4 hollow ash, Nos. 3, 6, 11 and 14; 
und 4 end struts, Nos. 1, 16, 8 and 9—in the sockets of the 
top plane. This done, lift the plane over on to the bottom 
plane and fix in the remainder of the struts, attaching wires 
to hold the planes together. 

To adjust main planes.—The centre plane should be 
adjusted so that the leading and trailing edges are 9 millimetres 
out of the horizontal in the centre in an upward direction. 
The remainder of the flying and landing wires should be 
adjusted square. 

The incidence wires from back to front of the planes 
should be tautened sufficiently to hold the planes together. 

The extensions and top ailerons should now be put on. 

To adjust tail planes.—The flying and landing wires at back 
and front of the tail planes should be adjusted square. 

Lift the main planes on to high trestles and fix on the 
chassis and wheels. The upright struts on the chassis should 
be in line with the struts on the main planes. 

Then put on the front outriggers, front elevator and tail 
booms, 
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Take machine off the trestles and rest it on its wheels, 
putting a piece of wood under the back skids so as to just 
keep the springs off the floor. 

Then put on the tail plane, rear elevator and bottom 
ailerons. 

Fix the nacelle and engine in centre bay between main 
planes. 

To adjust front outriggers.— Wire up so that the centre king 
post of front elevator is in line with the centre line of the 
nacelle. 


To adjust tail booms.—See that the booms are straight 
(1913 type) and that the centre strut of the tail plane is in 
line with the centre of the nacelle. ‘Che wires in the centre 
bay of each tail boom should be the same length, and the 
other wires adjusted so that the booms are held straight. 


To adjust ungle of incidence.—-Put the machine into flying 
position, 1t.e., with top rail of nacelle horizontal. 

The incidence wires should be adjusted in the following 
way :— 

Main planes.—-A horizontal line should be taken from the 
rear spar to the leading edge and the measurement from the 
leading edge to such horizontal line should be as follows :— 


No. 1 strut se os oe .. 8°4 cm. 
99 2 99 eee cee . 9 9 
39 3 99 9 Pe | 
oa ee aes ae ses .. 9 55 
eg UD og ae rr hs . 9 a 
ot tr wy ' . 9 = 
a er ee bey gee ... 10 os 

8 5 bs — eee .. 10°5 ,, 
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Tail planes.—Take a horizontal line from the rear spar of 
the tail plane. The measurement from the leading edge of 
the tail plane to such horizontal line should be 3-3 cm. 
(new type), 4-7 cm. (old type). 

To adjust front and rear elevator.—With machine still in 
flying position the front elevator should be fixed horizontally. 

To adjust rear elevator.—Take a horizontal line from the 
trailing edge of elevator to the underside of the trailing edge 
of the top tail plane. ‘The measurement between the under- 
side of the trailing edge of the top tail plane to such hori- 
zontal line should be, old type, 16 cm. ; new type, 10-2 cm. 

To adjust uilerons.—The ailerons should be adjusted so that 
the trailing edge is 15 mm. lower than the trailing edge of the 
main plane. 

Rudders.—The rudders should be adjusted parallel with the 
machine. 

The above directions are sufficient to correctly erect the 
machine, but small adjustments can be made after a trial 
flight. 

5. Notes on trueing up B.E. 2 biplanes.—-Erecting main 
planes.—The centre plane and its supporting struts must be 
erected and adjusted by means of the fore and aft wires until, 
with the fuselage in its normal flying position (which is given 
when the engine bearers are horizontal), a plumb line dropped 
from the top of each strut will fall 1 4 inches to 2 inches behind 
the bottom of each strut. This will give sufficient stagger 
backwards to the top centre plane, and consequently to the 
main top planes when erected. 

Time will be saved if, before fitting the main planes on to 
the machine, they are first put together on the floor. The 
right and left top planes are fixed respectively to the right 
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and left bottom planes, the struts put into place and all nuts 
screwed home. In addition, all the cables which have to be 
spliced to the top planes should be put into place, viz., long 
ends of warp wires to rear struts, the flying and landing 
wires in front bays and drift wires to fuselage and engine 
bearers. Unless data as to the correct length of the flying 
and landing wires are available it is not advisable to splice 
these wires on to the bottom planes until the top and bottom 
planes are fixed on to the machine. Flying and landing 
wires, consisting of piano wire and turnbuckles, should be 
inserted temporarily in each bay. 

The planes are next fixed to the machine, and the tem- 
porary flying and landing wires adjusted to their correct 
length. The warp and anti-warp cables must then be fitted, 
and the splicing to the lower planes completed so as to give 
a temporary adjustment. The temporary wires are then 
cut out, except the outer bay flying wire, which should be 
left in in addition to the cable. 


Wash out.—The angle of incidence at the wing tip is less 
than that at the root of the wings, t.e., those portions nearest 
to the fuselage. This difference exists so as to minimise the 
self-warping effect of the wings. 

The wash-out is adjusted as follows:—Stretch two cords 
tightly from wing tip to wing tip over the front and rear 
spars on top of the top plane. With the control lever central 
tighten up the anti-warp wires and at the same time slacken 
off the warp wires. ‘hen measure the gaps at the centre 
between the two cords and the top plane. The gap over the 
front spar should be 3 inches, while that over the rear spar 
should be 4 inches. A rough test of the setting of the planes 
can be obtained by standing in front of the centre line of the 
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machine and looking aft—at the roots of the lower planes 
there should be 7 or 8 inches more of the under-surfaces 
visible than at the wing tips. Similarly from the back, 
looking at the top planes, there should be 7 or 8 inches more 
of the under-surface visible at the tips than at the roots. 

Tail plane.—Can be adjusted by means of the ladder, or 
slot holes, fitted to the extreme rear end of the fuselage, so 
as to give more or less lift as required. 

Elevators.—Care must be taken that they work in the same 
horizontal plane. 

Undercarriage.—In trueing up the undercarriage the 
transverse distance between the two front struts, and also 
between the two pairs of rear struts where they join the skids, 
should be 5 feet. 


CHAPTER V.—INTERNAL-COMBUSTION ENGINES. 


The petrol motor, 


1. Introductory remarks.—The object of a motor is to 
produce rotary motion, either in itself or in a shaft. To 
get this motion the motor must be provided with (a) a piston 
which must be free to move up and down within a cylinder ; 
(6) attached to the piston, a rod, termed a connecting rod ; 
(c) attached to the other end of the connecting rod, a crank- 
shaft; and (d) attached to the crank-shaft, a fly-wheel (or its 
equivalent). The action of the motor is similar to the opera- 
tion performed by a man turning a grindstone. The stone 
corresponds to the fly-wheel of the motor, the handle to 
the crank, the man’s arm to the connecting rod, and the 
power exerted in turning the stone to the exploded charge. 
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Power cannot be produced without a cause. One of the 
most effectual methods of producing power is the expansion 
of gases. If a substance, such as gunpowder, is exploded 
in a cylinder with an open end (a gun, for example) practically 
the whole effect of the explosion is felt at the muzzle; and, 
if a bullet is placed in the gun in front of the gunpowder, 
the former is blown out with great force. This is exactly 
what happens in the petrol motor—a mixture of petrol vapor 
and air is ignited within the closed end of the cylinder, and 
the force of the explosion drives the piston in front of it. 
The piston in moving down the cylinder carries the con- 
necting rod with it, and the latter in its turn communicates 
its motion to the crank and so to the fly-wheel. The fly- 
wheel, once it has started rotating, will carry on its motion 
for an appreciable time without any further application of 
power. Consequently it will communicate its motion to 
the crank and so to the piston, pushing the latter up the 
cylinder again. At the same time, by forcing the piston 
upwards the burnt gascs are expelled from the cylinderthrough 
a suitable port or valve and by an arrangement to be described 
later. By the action of the fly-wheel, the piston will again 
descend, travelling along the same path as it did when the 
mixture was exploded; but this time the piston is dragged 
instead of pushed. Immediately this dragging motion begins, 
the port through which the burnt, or exhaust, gases escaped 
is closed and a similar port, or valve, leading to the mixture 
and inlet pipe is opened. The downward motion of the piston 
produces a partial vacuum in the head of the cylinder which 
results in a new charge of explosive mixture rushing into the 
cylinder through the port which has just opened. Just after 
the piston reaches the bottom limit of its stroke, this port 
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closes. The piston is then pushed up the cylinder once more 
and the mixture is compressed. It may here be noted that, 
within certain limits, the greater the compression to which 
a mixture of petrol vapour and air is subject, the quicker it 
will burn, and consequently the greater will be the force of the 
explosion. When compression is at its highest, t.e., when 
the piston is on the point of reaching the top of its stroke, 
the mixture is ignited and the explosion occurs, forcing the 
piston down. | 

It will thus be seen that one explosion, and consequently 
one power stroke, occurs every two revolutions of the crank, 
or four strokes of the piston. For this reason the petrol 
motor is described as working on the “four-stroke cycle” 
principle. 

The four-stroke cycle can be briefly summarized as 
follows :— 


(a) The piston descends, inlet port or valve opens, 
and the mixture is sucked into the cylinder. This 
is called the suction, or inlet, stroke. 

(b) Inlet valve closes (just after the piston has reached 
the bottom of the suction stroke), piston ascends 
and compresses the mixture (both inlet and exhaust 
valves being closed). This is called the compression 
stroke. 

(c) Just before the piston reaches the top of its 
compression stroke the explosion occurs and the 
piston is forced down again. This is called the 
power, or working stroke. 

(zd) Just before the bottom of the power stroke, the 
exhaust port opens. The piston ascends and 
the burnt, or exhaust, gases are forced out of the 
cylinder. This is called the exhaust stroke, 
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The cycle is then complete and the engine is ready to repeat it. 


2. Detailed description of the working of the petrol motor. 
(a) Arrangement of the valves.—The majority of motors have two - 
valves, or ports, for each cylinder—one to admit the explosive 
mixture, and one to release the burnt gases after explosion. 
The former is termed the “ inlet ’’ and the latter the “‘ exhaust ”’ 
valve or port (see page 43). The most common arrangement 
(except in rotary engines) is that in which the tops of the 
cylinders are cast with small extensions. In each of these 
extensions is a circular seating on which the head of the 
valve rests. The valve itself consists of a mushroom-shaped 
head with a long thin stem, the whole being made in one 
piece. The “head” has a bevelled edge which fits closely 
on to the seating in the cylinder, being held down by a spring 
mounted on the ‘‘ stem.”’ The bottom of the stem, when the 
valve is closed and the engine is warm, should be just clear 
of what is termed a “tappet rod.”’ The tappet rod itself is 
raised and lowered by means of a cam, and so communicates 
its motion to the valve. 


From the description of the cycle of operations given 
above, it is clear that each valve must open and close once 
in every two revolutions of the crank. It will therefore 
be seen that the cams operating the valves must be worked 
at half the speed of the engine. This half time speed is 
obtained by fixing to the crank shaft, a gear wheel with (say) 
16 teeth, and providing the shaft carrying the cams with a 
gear wheel having 32 teeth. Then when these two wheels 
are in mesh, and the engine is turning, the cam shaft will 
be driven at half the speed of the crank shaft. Valves worked 
on this principle are called “ mechanically-operated valves.” 
Exhaust valves are always mechanically operated, 
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Inlet valves, on the other hand, are sometimes (as in 
the Gnome engine) automatically operated. That is to 
say, they are opened by the suction effect caused by the 
piston moving down the cylinder, the exhaust valve, of 
course, being closed. A light spring is fitted on the valve 
stem to bring it back on to its seating at the end of the suction 
stroke. With this type of valve it is important that the 
spring should be neither too strong nor too weak, and in the 
case of a multi-cylinder engine, all the springs should open 
under the same pressure. For this reason the tension of the 
springs is generally capable of adjustment. 


Owing to the very high pressure generated in the cylinder 
during explosion, it is very necessary that the valves should 
be so designed that the pressure due to compression and 
explosion holds them on their seatings and so assists to 
keep them gas tight. For this reason valves are always 
designed to open inwards. 


' In some cases the inlet valve is placed close to, and 
immediately opposite, the exhaust valve so that the inlet 
gases pass over the exhaust valve and tend to keep the 
latter cool. 


Valve settings.—The valve settings on an average internal- 
combustion engine are as follows:—The angles given 
below are the positions of the crank arm for each position 
of the valves for any particular cylinder. (See Fig. 1.) 


Commencing the cycle, the inlet valve opens on the 
induction stroke at a point when the crank is about 5° to 9° 
past the top dead centre. It remains open until the crank 
is about 18° past the bottom dead centre (in some fast running 
engines this angle is very much bigger). 
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A.—Jnlet value opens at 5°. 
B.—Erhaust valve opens 45° to 7°. 

C.—Inlet closes 40° past bottom of stroke. 
D.—Sparking occurs at 26° (variable while running). 
E.—Erhaust valve closes at top of stroke. 


VALVE SETTINGS. 
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The piston ascends and the gases are compressed, and, 
at a variable point (normally about 26°) just before the crank 
reaches the top dead centre, the charge is ignited. Expan- 
sion of the gases now follows until the crank has reached a 
point varying between 45° and 75° before the bottom dead 
centre. The exhaust valve then opens and the gases rush 
out. This early opening is called “giving lead” to the 
exhaust valve, and it is found very advantageous, as it 
ensures an effective escape of the exhaust gases and consequent 
absence of pressure against the piston on its return stroke. 
If the “lead” given to the exhaust valve is insufficient, the 
engine is liable to overheat. 


The exhaust valve remains open during the whole of the 
exhaust stroke, and closes when the crank has gone about 1° to 
5° past the top dead centre. 


All valve settings must be taken with the engine turning 
in the ahead direction, so as to avoid any errors due to 
play in the various gear wheels, &c. If the engine be turned 
too far ahead past any particular setting, turn it back more 
than the amount required before starting to take the 
readings again. 

In order to obtain the direction of revolution of an engine, 
turn it by hand. The inlet valve will open directly after 
the exhaust valve closes, if the engine or crank shaft ia 
being turned in the correct direction. By watching the 
inlet valves, the order in which the cylinders fire can be 
determined. 


When parting an engine for examination and repairs 
it is absolutely necessary to note most carefully the relative 
positions of the timing gear wheels. They should be marked 


INTERNAL-COMBUSTION ENGINES. 49 


unmistakably (usually done by the makers) so that they can 
be put back in exactly the samerelative positions as those 
in which they were found. 

(6b) The piston.—The piston can be described as a hollow 
cylindrical plug, to the interior of which is hinged the 
connecting rod. This is done by means of a short circular 
steel crossbar, called the “ gudgeon pin,” which is set 
diametrically through the piston and secured firmly to it. 
It is important that the gudgeon pin be held firmly in the 
piston and also in the lugs holding it to the piston. 

The piston is made of slightly smaller diameter than 
the cylinder (from ;,4,5 to 7,45 in.) in order that it may 
move freely up and down within the latter. This being so, 
it is evident that if other arrangements were not made, 
the gases would leak past the piston, resulting in a considerable 
loss of compression. This difficulty is surmounted by 
cutting one or more grooves round the outside of the piston 
wall, into which “ piston spring rings” are fitted. These rings 
are made of slightly larger diameter than the bore of the 
cylinder, and are cut through, sometimes diagonally and some- 
times in the form of a step. Thus, when the piston is in the 
cylinder the rings are compressed. At the same time they 
are constantly trying to expand to their normal diameter, 
with the result that they press tightly against the cylinder 
walls and keep the piston gas tight. When two or more rings 
are employed the slits in the rings must not be vertically 
over each other. They must be set in different positions 
round the piston, so as to avoid as far as possible the 
escape of any gases past the slits as would occur were they 
in line. The ends of these rings must be some distance 
apart when cold (,},-in. for a 4-in. piston) so as to allow 
for expansion when the rings become hot. 
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(c) The carburetter.—This term is applied to the apparatus 
which is responsible for the regular supply of explosive 
mixture to the cylinders. One of the most important 
factors in the efficient running of a petrol motor is the 
mixture. It is essential that the particles of petrol vapour 
and air should be mixed as intimately as possible before they 
reach the cylinder. This is what the carburetter does. 
(See Fig. 2.) 


The petrol is lead from the tank into what is termed the 
“float chamber.” The object of this chamber is to keep 
the head of petrol at a constant level. Inside the 
chamber is a hollow brass float. Through the centre of the 
float a needle passes, which, when the petrol has risen to 
a high enough level in the chamber, fits down into a seating 
in the petrol pipe, thus cutting off a further supply. Just 
above the top of the float two balance weights are attached 
to the needle. The weights are pivoted about the needle 
and rest on the top of the float. Thus, as the level rises 
in the chamber, the weights are pushed up, and eventually 
allow the needle valve to fall back on to its seating, and so 
stop the supply of petrol. When the level of the petrol 
in the float chamber falls the float drops, and the balance 
weights, acting on the needle valve, lift it, and allow a fresh 
supply of petrol to come from the petrol tank. Means are 
provided for lifting the needle off its seating by hand, with 
a view to flooding the carburetter before starting the engine. 
Carburetters must never be “‘ tickled,” as this wears the 
needle, making ita bad fit on its seating. The needle must 
simply be lifted until the carburetter floods, and then 
dropped. 
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A small pipe leads the petrol from the float chamber into 
the “jet chamber.” Screwed into the end of this pipe is a 
vertical jet or nozzle (a set of jets with different sized 
orifices can be obtained for use under varying atmospheric 
conditions). When the engine is running, a partial vacuum, 
due to the suction effect of the engine, occurs round the 
jet, and, as the latter is small, the petrol is emitted in a 
fine spray, a condition which makes vaporization easier, 
and consequently admits of more perfect mixing with 
the air being sucked past the jet. In some carburetters 
the vaporization of the petrol is further assisted by 
warming the supply of air to the carburetter, or 
jacketing the inlet pipe with hot air or water. 

An inverted double cone is sometimes fitted round the 
jet to increase the speed of the air past it, thereby still 
further reducing the pressure at this point. This also 
causes the difference of pressure on the petrol in the float — 
chamber and on the jet orifice to be increased, resulting 
in an increased flow of petrol without interfering with the 
fineness of the spray. 

From the jet chamber the mixture passes along the 
induction pipe to the cylinder. 

The action of the float can be likened to that of the 
automatic water cistern with its ball valve, while the 
action of the jet can be compared to that of a scent spray. 

(d) I'he throttle and air valve-—The induction pipe is 
provided with a tup, called the throttle, by means of 
which, the amount of mixture admitted to the cylinders 
can be regulated. The more this tap is opened, the greater 
will be the quantity of the mixture admitted and the faster 
the engine will run. But the faster the engine runs the 
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greater will be the suction effect at the jet. Consequently 
the mixture will become richer in petrol, unless some means 
are employed for admitting more air. This is usually done 
by making the throttle act on both the inlet and discharge 
sides of the jet, or else by providing an additional air port, 
the size of which, and therefore the quantity of air admitted, 
can be varied at will. Another method is to provide the 
extra air port with a spring which allows the port to open 
wider as the suction in the inlet pipe increases. 

(e) Lubrication.—The lubrication of bearings is carried 
out by the formation of a very thin film of oil between the 
moving surfaces, which must be truly aligned and worked: 
to a smooth surface, otherwise the oil film will be broken 
at the “‘ hard places,’ where the metal will become scored 
and the bearing probably overheated. 

This film of oil is formed by the relative motion of the 
surfaces, and the higher the relative veiocity and the more 
viscous the oil, the more stable will the film become. 

At low speeds, especially under heavy loads, the oil film 
is liable to be squashed from between the bearing surfaces, 
and the lubrication will then largely depend on _ the 
“‘oreasiness”’ of the surfaces; for this reason slow moving 
toothed wheels are better lubricated by a thick grease than 
any sort of oil. 

At high speeds, the film of oil will form between the moving 
surfaces even if the oil is fairly thin; but if the load is great 
the lubricant must be of a more greasy nature. 

The animal and vegetable oils (t.e. castor, sperm, &c.) 
are more greasy than the minerals, and so must be used 
under heavy loads even where the speed is high. If, however, 
the oi] is forced through the bearings under pressure, and js 
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required to remain in contact with the working parts and to 
be used over and over again, mineral oils must be employed. 
Under these latter conditions vegetable and animal oils 
become acid and gummy, and are therefore unsuitable. 

Water is a very bad lubricant, since it is not viscous 
enough to form a film between moving surfaces, nor is it 
greasy, and so great care should be exercised to exclude it 
from all working surfaces. 

The oils more commonly used are enumerated below. 
They all weigh rather less than water. The vegetable and 
animal oils are liable to “gum” by oxidation, but mineral 
oil is free from this defect and can be used again and again, 
provided it is filtered each time before re-use. For these 
reasons mineral oil is employed for lubrication of all internal- 
combustion engines with the exception of the Gnome and one 
or two other types, where the oil simply passes through the 
engine and then escapes. 

Mineral oil (light) ... ... For forced lubrication of bearings and 


low-powered _—internal-combustion 
engines (water-cooled). 


Heavy filtered mineral oil... Large internal-combustion engines 
: (air-cooled). 
Mineral grease, vaseline ... For preserving machinery and also the 


lubrication of gear boxes, &c. 


With internal-combustion engines, since the oil comes 
into contact with very hot surfaces, such as the piston, &c., 
an oil with a flash point of over 250° Fahr. should be used ; 
a fine mineral oil which is suitable for all bearings and working 
surfaces is generally employed. 

The different methods employed for lubricating petrol 
engines are many, but they can be classed generally under 
two heads :— 
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(4) Splash lubrication.—In this method the engine is 
started with oil in the crank case up to a certain level; 
additional supplies of oil are pumped into the crank case 
periodically when the engine is running. The crankpins 
of the engine revolve in the oil in the crank case and splash 
it up to the piston and cylinder walls, &c. A baffle is usually 
fitted at the bottom of the cylinders, leaving just sufficient 
room for the travel of the connccting rod. This prevents 
over-lubrication (and so carbonization) of the piston and 
cylinder walls and sooted plugs. 


(it) Forced lubrication—tIn the forced lubrication system 
the crank pit, or case, contains a certain amount of oil, 
which, by means of a pump, is delivered to the main bearings, 
thence by means of holes through the crank shaft to the crank 
head bearing, and then by a pipe or grooves along the con- 
necting rod to the gudgeon pin bearing. A separate lead also 
supplies the cam shaft and bearings and its gear wheels. The 
oil streams into all the bearings and keeps them well lubri- 
cated, so that, if well fitted, there is extremely little wear in 
any of the bearings thus fed. 


The oil used is mineral. As it is circulated round the sys- 
tem and used over and over again, it is necessary to filter 
it between each “round” through efficient strainers, so 
that no carbon or other foreign substance is forced into the 
bearing. Any grit (carbonized oil, &c.) in the lubricant 
would of course at once produce local heating of the bearing. 

A pressure-gauge is provided with this system, and from 
5 to 55 lbs. pressure per square inch is maintained by the 
pump according to the type of engine. Should the pressure 
fall below this, it is usually due either to the strainer getting 
choked and checking the supply of oil, or to the level of the 
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oil in the well falling too low and causing loss of suction. 
When this occurs more oil should be immediately supplied 
to the crank case. It may here be noted that the pressure 
shown when the engine is first started will be considerably 
above that which may be expected after the engine has been 
running long enough to heat the oil. 


({) Silencer.—At the end of the working stroke there is 
always a pressure in the cylinder above that of the atmo- 
sphere, and whenthe exhaust valve opens the gases rush 
out into the surrounding air at a high speed and with much 
noise. To reduce the noise a silencer is usually fitted, con- 
sisting essentially of a large vessel, into which the waste 
gases pass direct from the engine. This vessel has a 
comparatively small exit hole for the gases to escape through 
to the atmosphere; the result is that, instead of rushing 
into the air with a series of loud reports, they escape in a 
steady stream. Baffle plates are often fitted in the silencer. 
The silencer reduces the power of the engine on account 
of the obstacles the gases meet on their way to the air ; con- 
sequently, the piston has to do more work in forcing them out 
of the cylinder. In some engines it is possible, however, 
to fit an exhaust pipe in such a manner that one cylinder’s 
exhaust assists another cylinder’s exhaust. 


(g) Ignition.—There are two types of ignition arrangements 
—(i) accumulator; and (ji) magneto. 


(i) Accumulator ignition.—This system has largely been 
superseded by magneto ignition, but owing to the fact that 
it gives practically a continuous spark without the assistance 
of the engine, it is retained in many motor car engines to 
facilitate starting when the engine is cold. 
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An accumulator must not be left uncharged for a long 
time as it will “sulphate,” or become choked with a white 
deposit, which ruins it. Never let the level of the acid get 
below the top edge of the plates—add distilled water. Never 
short-circuit the accumulator by placing a wire or piece of 
metal across the terminals to see if it gives a spark. If 
the acid is muddy and there is a considerable amount of 
deposit the accumulator is in bad condition. When the 
condition is good the plates should be a good dark brown 
and slate colour respectively, and the acid clear. 

The ceijluloid casing of accumulators is easily damaged, 


and care must be taken, when fitting accumulators in boxes, 


that the casings are protected against rubbing on sharp 
corners, bolts, &c. 

To test for current, connect a 4-volt lamp across the 
terminals and note if the lamp gives a bright light; or use a 
voltmeter. The voltage should not be allowed to get below 
3-8. A new accumulator should be recharged after a slight 
decrease in efficiency instead of being allowed to get down 
to the lowest voltage. To avoid corrosion, do not allow 
any acid to remain on the top of the case, and coat the 
terminals with vaseline. 

As a substitute for an accumulator, “dry batteries” are 
sometimes used. ‘These are made in many different sizes, 
but, briefly, they all consist of a carbon rod placed in a zinc 
casing, the space between being filled with a chemical prepara- 
tion which varies in detail with different manufacturers. 
The current is obtained’as a result of chemical action between 
the components of the cell. No charging is necessary. 

Dry batteries are called ‘“ primary”’ batteries, and accumu- 
lators “‘ secondary ” batteries. 


on cone cia eT he me. 
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In order to obtain a high-tension spark from an accumu- 
lator an induction coil must be employed. It consists of a 
bundle of soft iron wire, around which is wound about 
20 feet of thick wire. This is called the primary winding. 
One terminal of the battery (usually the positive) is led to 
the bed plate of the engine, and so forms what may be termed 
an “‘earth.” The other terminal is connected, through 
what is known as the ‘‘ contact breaker,” to one end of the 
primary winding. The other end of the primary is led to 
a brush, which bears on a ‘“‘ commutator” keyed on to the 
cam shaft of the engine. This commutator has one metal 
strip let into it for each cylinder that must be fired. When 
the brush bears on these strips the end of the primary circuit 
earths to the engine bed, thus completing the battery circuit, 
and the current flows through the primary winding. 

Round the primary winding, a second insulated wire, about 
14 miles in length, and of very much smaller diameter, is 
wound. This is called the “secondary winding.” When the 
current passes through the primary winding the iron core of 
the coil is magnetised and a current is induced in the secondary 
winding. At the same time, by using the magnetism of the 
iron core, the primary circuit is broken at the contact breaker. 
When this occurs a current is again produced in the secondary 
winding, but, owing to the influence of this latter current 
the current in the primary winding only dies away slowly, 
and maintains its original direction. If no other means 
were employed the induced current in the secondary would 
not be sufficiently intense to produce the high-tension spark 
required to ignite the mixture. To get over this difficulty 
a “condenser” is employed, consisting of a box containing 
a number of metal strips carefully insulated from each 
other. The condenser is joined up to the two sides of the 
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contact breaker, and through this to the poles of the accumula- 
tor. Thus, when the primary circuit is broken, the condenser 
instantaneously absorbs the current from the accumulator, 
and becomes charged to a higher voltage than that of 
the cell terminals. To obtain equilibrium, the current 
surges back and produces practically an instantaneous 
reversal of the current in the primary winding. It is this 
sudden reversal of current which produces in the secondary 
circuit the very high voltage necessary to give the spark. One 
end of the secondary circuit is earthed, and the other is joined 
to the “ sparking plug ” (through the distributor, see below). 
When the current occurs in the secondary it is so intense 
that it will jump across the plug points and thus complete 
the secondary circuit to earth. 

Having got the current which will produce a spark the next 
problem is—How is it to be conducted to the correct cylinder ? 
The secondary current is first led to a collecting ring termed 
the “ distributor,’’ which is worked off the same shaft as the 
commutator. This ring carries a brush, which, as it revolves, 
distributes the current to insulated metal strips, which are, 
in their turn, connected to individual cylinder plugs. 

The accompanying diagram (Fig. 3) illustrates accumulator 
ignition and its connections. 

(ii) Magneto ignition—The fundamental principle on 
which the magneto works may be expressed simply as that 
in which a closed coil of wire rotates within the field of 
force of a magnet and cuts through lines of force. A 
current is induced twice per revolution of the coil. 

The field of force exerted by a magnet is easily demonstrated 
by placing a sheet of paper over the poles of the magnet 
and then sprinkling iron filings on the paper. The filings 
will take up clearly defined positions around the poles. 
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Magnetism is produced by an electric current; in fact, 
when a current is passed through a conductor a magnetic 
field of force is produced. Similarly, an electric current 
can be obtained with the help of a magnet. This can be 
seen very simply by winding insulated copper wire round 
a hollow conductor and joining the ends to a galvanometer 
(an instrument used for detecting an electric current). 
A powerful bar magnet is then plunged into the interior 
of the coil. The galvanometer will at once show the presence 
of a momentary current. If the magnet be as suddenly 
withdrawn another current will be produced. The important 
point is to have relative motion between the magnet and 
the coil; it does not matter whether the magnet or the 
coil is stationary. 


Some metals retain their magnetism permanently, whilst 
others lose it at once. An example of the former is hardened 
steel, and of the latter soft iron; advantage is taken of 
this fact in the magneto. 


The magneto consists essentially of two or more horseshoe- 
shaped magnets placed side by side (in some magnetos 
there is a pair of double magnets side by side, and in which 
one: magnet is placed on top of the other). The ends of 
the magnets are termed “ poles,” ¢.e., north and south. 
Attached to the poles by screws are pieces of very soft cast 
iron, which are cut away into semi-circular form inside the 
horseshoe. It is across this “ polar space”’ that the magnetic 
lines of force are concentrated. Within this horseshoe, 
and the semi-circular pole piece, an “‘ armature ”’ is made to 
rotate. This armature consists of a shuttle-shaped core 
around which primary and secondary windings are coiled 
exactly in the same manner as in the induction coil for 
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accumulator ignition. As the armature rotates in the 
magnetic field it is evident that there are two positions in 
each revolution when the coils are being cut by the largest 
number of lines of force. (Fig. 4.) 





“MAXIMUM PosITION ”— 


LINES OF ForcrE LINES OF FORCE 
CuTtina PRIMARY AND Passing THROUGH 
SECONDARY WINDINGS. - CorE oF ARMATURE. 


These are called the “ maximum positions,” and it is at 


these points that the current is induced in the primary 
winding. A new field of force is then created due to the 
current passing through the primary, and this field is further 
strengthened by the core of the armature becoming itself 
a magnet. These new lines of force cut the secondary 
winding and induce a current in that, adding still another 
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‘< field.”” The current in the primary is then broken at the 
contact breaker and the field belonging to the primary 
collapses, but slowly, owing to the influence of the lines of 
force of the secondary, the current still tending to flow in 
the same direction. At this point the condenser comes 
into play in the same manner as in accumulator ignition, 
and a sudden reversal of the direction of the current in the 
primary occurs. So rapidly do these motions take place 
that the spark occurs at the plug at the same instant as the 
breaking of the primary circuit. It is thus seen that two 
sparks are obtained every two revolutions of the armature, 
and the speed of rotation therefore has to be regulated 
according to the numbers of cylinders in the engine. 


Although there are only two positions in which the 
maximum number of lines of force cut the armature windings, 
yet immediately before and after these positions are reached 
there will still be enough lines of force cutting the primary 
to give a current. It is this fact which allows the ignition 
to be advanced or retarded at will. 


The primary current is broken mechanically by a fibre 
stop on the end of a bell crank lever (gl, Fig. 5) carrying 
one half of the contact breaker. Rollers are fixed in the 
circular track passed through by the fibre stop in its 
revolution, and, as the stop passes them, the bell crank lever 
is swung about its fulcrum, parting the two screws forming 
the sides of the contact breaker. One end of the primary 
circuit (cl, Fig. 5) is earthed to the armature core and the 
other connected to the fixed half of the contact breaker 
(g2, Fig. 5), which is carred on the armature spindle. The 
secondary circuit (c2, Fig. 5) is usually connected to one 
end of the primary, so as to get earth. The other end 
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is connected to a slip ring, where a brush collects the secondary 
current produced by. the rupture of the primary current, 
and passes it on to the distributor (nl, Fig. 5) and thence 
to sparking plugs. The distributor is on the same principle 
as that described above for accumulator ignition. The 
condenser (d, Fig. 5) is connected in parallel with the two sides 
of the contact breaker, 1.e., the two plates are connected 
to the two parts between which the break in the electrical 
circuit occurs. 


To protect the insulation of the condenser from being 
pierced by the high voltage when one of the leads to the 
plugs is withdrawn, a “safety spark gap” (& Fig. 5) is 
provided near the brush collector on the slip ring. This 
acts as a sort of “safety valve,”’ for, as soon as the voltage, 
or “‘ electrical pressure,” rises too high, a spark jumps across 
this spark gap, thus relieving the electrical pressure in the 
circuit. To stop the flow of current to the plugs, in order, 
for instance, to stop the engine, the end of the primary 
winding leading to the contact breaker is connected by a 
carbon brush to a switch. By “ closing ’’ the switch this end 
of the primary winding is put to “earth,” and the coil is thus 
turned into a closed circuit. Hence no make and break 
can occur in the primary, and so no current is generated 
in the secondary circuit. When, however, the switch is 
“open,” the contact breaker again comes into action, and 
the magneto, if revolved, will give a spark. A terminal 
(rl, Fig. 5) is always provided for this purpose on the magneto. 


(kh) Cooling.—Since the explosion takes place inside the 
cylinder itself, and the temperature reached by the gases 
is very high, the cylinder walls have to be cooled by some 
external means, in order to prevent them becoming too hot. 
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The effects of overheating are :— 


(i) The metal is weakened very considerably, so that 
all parts would have to be very much thicker 
and heavier in order to prevent distortion or 
fracture. 


(ii) The lubricating oil is burnt up, and the cylinder 
scored by the deposit of carbon; also there is 
a very great risk of one or more of the pistons 
‘seizing up” in the engine and stopping it. 

(iii) The charge may explode, or pre-ignite, during 
the compression stroke, entailing a corresponding 
loss of power. 


One of two methods is usually employed for cooling the 
engine. The alternative methods are (a) water cooling, 
and (B) air cooling. 

(A) Water cooling.—Jackets, through which water is kept 
circulating, are cast round the cylinder walls and ends, 
also round the exhaust valve seatings. The hot water from 
the jackets is led to a radiator, which dissipates the heat 
to the atmosphere. This cools the water so that it can be 
used again. The usual method employed for circulating 
the water, especially with fast running engines, is to force 
the water through the jackets by means of a circulating 
pump driven by the engine itself. 

In some cases the water is circulated automatically on 
the thermo-syphonic principle, in which the fact that hot 
water is lighter than cold, and therefore rises to the top, 
is used. 

The design of the engine should admit of no chance of 
air or steam pockets forming, which might prevent a 
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steady flow of water through the system. To prevent these 
pockets, a small air cock is usually fitted at the highest 
points of any bends, &c. Small pipes are also often led 
from the tops of all such bends in the circulating water 
piping to the radiator, to carry off any steam formed when 
the engine is running fast. Provision must be made for 
completely draining the jackets after using engines during 
a spell of cold weather, so as to avoid any chance of bursting 
the cylinder, jackets, pipes, &c., due to the water freezing. 

All cooling, though very necessary, is extremely wasteful, 
some 30 to 50 per cent. of the total heat given out by the 
combustion of the fuel being carried away by it. (See also 
Efficiency, page 65). 


(B) Air cooling.—In many petro] engines the cylinders 
are kept cool by means of a stream of air impinging on 
their outer surfaces. In order to assist this dissipation 
of heat, gills or fins are formed on the outside of the cylinders, 
which add to their external surface and so increase the 
rapidity of heat diffusion. Where the cylinders are small, 
the heating surface per unit volume of cylinder capacity 
is sufficiently large to give cool running without other means 
than the ordinary rush of air past the cylinder due to the 
motion of the body. The larger the diameter of the cylinder, 
the less will be the surface per unit volume. Larger cylinders 
will therefore require some additional means of cooling 
them, such as: 

In the Renault engine, a fan, which forces air into @ casing 
between the cylinders. The air escapes out of the casing 
past the cylinders, and in doing so cools them. 

In the Gnome engine the cylinders are kept cool by 
rotating them rapidly through the air. 
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One of the chief difficulties that have to be contended 
with in an air-cooled engine is overheating of the exhaust 
valves. It is sometimes found convenient (e.g., Wolseley 
engines) to provide a water jacket round the valve-box, 
and stem guides to keep these parts cool. The extra weight 
entailed is small, and is, on the whole, quite justified by the 
results obtained. Insome engines the inlet valves are placed 
close to and opposite the exhaust valves, so that the 
incoming mixture passes over the exhaust valves, thus tend- 
ing to keep them cool. 


(1) Efficiency of the engine.—The petrol engine is simply 
a heat engine. It is supplied with heat in the form of fuel, 
and each pound weight of the fuel gives up a certain definite 
amount of heat when it is completely burnt. The amount 
of heat in, say, 1 lb. of fuel can be accurately determined 
by actual experiment, 1 lb. of petrol being found to give 
up, when completely burnt, about 22,000 British thermal 
units of heat. 


If a motor-tyre be pumped up, the temperature of the 
pump barrel will rise, but this is not entirely due to friction 
inside the barrel. In compressing the air work is done, 
thereby generating heat ; if now the air is allowed to expand 
again to ita original volume, by passing through a small 
orifice, it gets a high velocity, 7.e., work is done by the air 
on itself, and it becomes cool again. This is exactly what 
happens in the petrol engine. The explosion of the mixture 
generates a pressure, which gives the heat a means of doing 
work, and so transforming the thermal units obtained from 
the explosion into mechanical work. For every 778 ft.-lbs. 
of work done on the piston, one British thermal unit will 
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have to be abstracted from the hot gases in the cylinder 
to supply the energy necessary for this work done. 


The most usual way of expressing the efficiency is as 
@ percentage of the heat available in the petrol used ee 
is turned into useful work by the engine. 


The total heat received by the engine is dissipated in 
four ways :— 


(1) Part does useful work on the piston in the cylinder; 


(2) Part escapes with the exhaust gases during the 
exhaust stroke ; 


(3) Part goes into the cooling-water system (or to the 
surrounding atmosphere if the air-cooling system 
is used), provided to prevent the cylinders getting 
too hot, and so gets lost so far as the useful work 
of the engine is concerned ; 


(4) A very small part is lost by radiation; this may be 
neglected in comparison with the losses due to 
(2) and (3). 


The efficiency will therefore depend on tise magnitude 
of Nos. (2) and (3). 


In order that these losses may be reduced tu a minmmum, 
$.e., in order to obtain the maximum efficiency, it is 
necessary :— 


(c) To have a mixture of correct strength and properly 
mixed ; 


(D) To have as large a ratio of expansion as possible 
consistent with the avoidance of pre-ignitjon ‘ 
during the compression stroke; 
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(c) To advance the spark sufficiently far to ensure the 
completion of explosion just before the commence- 
ment of the working stroke; 

(2) The temperature of the cooling-jacket water should 
be kept as high as possible consistent with cool 
running, 


These conditions will now be examined in detail :— 

(a) Too rich a mixture, and also too weak a mixture, 
vause a slow rate of explosion. The component particles 
of the explosive charge will’ not mix suffciently well 
to get rapid combustion; the flame of explosion will 
consequently only travel slowly through the charge. The 
result is that, by the time the explosion is finished, the piston 
will have completed a considerable fraction of its working 
stroke, and the actual flame of explosion will therefore come 
into contact with a very large area of the cylinder wall. 
A large proportion of the heat will consequently be conducted 
through the cylinders into the water jacket. 

(6) When the piston is on its working stroke it is receding 
from the gases in the cylinder head; the gases therefore 
expand and cool down. Consequently, it is necessary, in 
order to get them as cool as possible before being exhausted, 
that the working stroke should be as long as possible. The 
travel of the piston is the same on the compression as on 
the working stroke, and the maximum ratio of expansion 
is practically the same as the maximum ratio of compression. 
Hence it follows that the maximum ratio of expansion 
is obtained when explosion is completed, just as the piston 
starts on its working stroke. At the same time it will be 
seen that with this condition of maximum ratio of expansion 
there will be a minimum loss of heat to the cooling system. 
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for, when the gases are at their highest temperature (t.e., 
when explosion is just completed) they will be in contact 
with the minimum area of cylinder walls. 

(c) It must be remembered that, compared with the 
movement of the piston, explosion takes an appreciable 
time to complete. In order therefore that the explosion 
may be completed by the time the piston reaches the top 
of its stroke, ignition must occur at the latter end of the 
compression stroke, #.e., the spark must be advanced. With 
the spark advanced and the mixture still being compressed, 
explosion takes place very rapidly, and therefore the gases, 
when at their highest temperature, are in contact with the 
cylinder walls for the minimum length of time. If, however, 
the spark is advanced too far, 2.e., with ignition taking place 
very early in the compression stroke, explosion will be 
completed before the piston reaches the top of its stroke, 
and a very much larger loss of heat to the cooling system 
will result: if the advance is very excessive, the explosion 
will tend to prevent the piston from reaching the top of its 
stroke. 

(d) The amount of heat conducted from the cylinders 
into the cooling system will depend, tnter alia, on the 
difference of temperature between the cylinders and the 
cooling system. ‘The larger the difference, the greater 
will be the amount of heat lost. 

3. Defects, their causes and remedies.—There are three 
essential conditions to be fulfilled in order that an internal- 
combustion engine may be started and then be able to 
carry on working. ‘Lhese are :— 


(1) The mixture must be of the correct strength, and 
its components properly mixed. 
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(2) There must be sufficient compression to bring 
particles of the mixture into intimate contact 
with each other, and so render them explosive. 


(3) There must be some method of igniting the charge 
at the right time of the stroke, t.c., somewhere 
near the end of the compression. 


"If the engine refuses to start after flooding the carburetter, 
opening the air inlet and switching on the current, or putting 
other ignition devices into gear, &c., proceed to test if all 
these conditions are being fulfilled, as follows :— 


(1) Faulty mixture.—A frequent trouble with the mixture 
is due to omission to turn on petrol, or to the petrol pipe 
being choked. Examine the petrol pipe and filter, and 
clean if necessary. . If the petrol be pressure fed, there may 
be insufficient pressure in the tank to force the petrol into 
the float chamber of the carburetter. In any case of the 
engine refusing to start, or suddenly stopping, always 
first look to the petrol supply by ascertaining if the carbu- 
retter will flood. A choked spray, or water in the carburetter, 
may also be the cause of the trouble. Examine, and blow 
through the jet;. remove the float, and see if any water 
or dirt is present at the bottom of the float chamber; if 
so, drain it out. 

A piece of copper tubing fitted too tightly into an india- 
rubber connecting pipe may fray the rubber, and so cause 
the pipe to become choked. » 

When starting the engine by hand, it is often necessary 
to flood the carburetter, so as to ensure petrol coming intu 
contact with the air going to the cylinders past the top of 
the jet; or else to squirt some petrol through the compression 
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cocks into the cylinders before starting. This latter is 
termed “ priming the cylinders.” 

In cold weather less air is required, since the increased 
density of the air allows a greater weight to pass through 
the air inlet. IT*ailure to close the extra air inlet before 
trying to start will very often prevent the engine from starting. 
When starting up with a cold carburetter in cold weather, 
the petrol will tend to condense in the induction pipe; a 
rag wrapped round the inlet pipe will be of assistance in 
getting the engine under way. 

The needle valve in the float chamber may be worn so 
that the float has to be raised above its normal level before 
it allows the needle valve to drop and shut off the petrol 
supply. The needle valve itself may also leak, due to 
wear, or dirt lying on its seating. Both of these will give 
too high a level of petrol in the float chamber and thus in 
the jet; hence the mixture will become too rich in petrol. 
If excessive, the carburetter float chamber will overflow. 

The float may be leaky, and hence become too heavy; 
this, if only a small amount of petrol has leaked into it, 
will produce the same results as above. If much has 
entered, the float will not shut the needle valve at all, and 
the carburetter will therefore flood badly and overflow. 
For this reason, in engines where a flame is highly dangerous, 
the overflow and all drains should be led to a funnel well 
away from the carburetter so that a “backfire,” or 
** flashback,” will not cause a conflagration. 

Flooding of the carburetter may also be caused by the 
upper part of the needle valve being too neat a fit in its 
guide, or by the needle valve being too light for its work, 


and so unable to shut on its seating against the head ot 
petrol. 
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A piece of waste left in the air inlet pipe after an overhaul. 
is by no means an unknown cause of failure of an engine 
to start. 

(2) Compression.—If the engine is turned by hand and 
the compression cocks at the top of the cylinders are opened, 
during the compression stroke air will be forced out of these 
cocks at high speed, if the degree of compression is anything 
like good. It should be noted that small leaks in the inlet 
and exhaust valves, sparking plug terminals, &c., will not 
appreciably effect compression when actually running, owing 
to the very small fraction of a second occupied by the com- 
pression stroke, though, when tested by “ hand revolution,” 
the effect may be very marked, especially in large cylinders. 
The power required to turn the engine round by hand will 
also indicate roughly the compression in the different 
cylinders. 
~ Should the compression be bad, examine for the following 
faults :— 

(a) Leaky or broken piston rings—The piston spring 
rings should bear against the side of the cylinder over their 
whole circumference. When testing for this, the cylinder 
walls should be covered with a thin coat of rouge, or red’ 
lead, and the piston spring rings put inside and moved 
up and down. The marking on the rings will indicate 
whether they are bedding properly and also if there is 
insufficient spring left in the rings. When fitting new rings 
allow =, to ; in. space between the butts of these rings 
(when in the cylinder) to allow for expansion. 

The rings may be gummed into their slots in the piston 
by foul oil. Paraffin injected into the cylinder and left for 
a few minutes will dissolve the oil and release the rings. 
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(6) Leaky valves.—The valve and valve seatings may 
be pitted or worn. The seating on the cylinder and the 
bevelled edge on the valve should be ground together with 
emery powder, coarse powder being used €o start with and 
the very finest when finishing. 

If a groove has been cut on the valve during the process 
of grinding in, skim the valve up in a lathe and then finish 
off by grinding into place with very fine emery powder. 

The valve, or its seating, may be warped as a result of 
overheating ; if only slightly, grind in as above; if very bad, 
new valves will have to be fitted from spares, and the 
seatings reseated. 

The valve spindles may be too tight a fit in their guides, 
due to too big a valve stem, or the presence of oil and 
carbon in the valve guide. Paraffin will clean the latter. 
If the valve stem is at fault, a rub with emery cloth will 
often give sufficient slackness. 

Insufficient or no clearance may have been left between 
the end of the valve stem and the tappet. This is easily 
adjusted once discovered. 

' The timing of the cam shaft may be wrong. This must 
be checked. When checking, take all settings with the engine 
moving in the ahead direction only. (See special para, 
on valve settings, page 46.) . : 

(c) Ignition.—Failure of the electrical arrangements may 
be due to :— 

(i) The accumulator and coil ignition (if fitted) ; 
(ii) The magneto ignition ; 
(iii) The sparking plugs. 

Tf dual ignition is fitted, try each in turn. One of the 

two will probably be found correct and the fault thus partly 
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lucated. Should both fail, remove the sparking plugs 
and clean them with petrol, replace and try again. 

When testing the two ignitions, the sparking plugs can 
be short-circuited to the cylinders by means of any steel 
tool having a wooden handle to hold it by, e.g., a screwdriver. 
_If a spark be observed between the end of the screwdriver 
and the cylinder it will show that the high tension current 
is, at any rate, reaching this point, and the length of this 
spark will denote its intensity. This indicates that the 
ignition is producing a spark, and hence the fault must 
be in either (a) the plug itself, or (B) in the timing of the 
magneto, or in its electrical connéctions, or in the accumu- 
Fators (if fitted). 

The test for (4) faulty plugs: The plug should be removed 
and tested by passing a high tension current through it in 
air under about 100 Ibs. pressure per square inch. If a 
good spark passes across the plug terminals, and no signs 
of “ flashing ” occur elsewhere in the plug, it may be assumed 
to be in working order. It is no use testing the plug 
electrically under atmospheric pressure, as the resistance 
of the spark-gap under pressure is so much greater than under 
atmospheric conditions that a flaw in the insulation, which 
may have sufficient resistance to prevent a short circuit 
occurring under: these latter conditions, will break down 

ander the moderate pressures ented when actually 
working. 

,Lo test for (B) timing, magneto and distributor : If the 
fault is elsewhere than in the plugs, test the timing of the 
ignition as follows :— 

Turn the engine by hand slowly and note the timing 
of the spark in the different cylinders, This may be done, 
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with accumulators, by ‘removing the plugs and turning 
the engine. When a spark is first seen to occur on any 
one plug, note the position of the crank arm, and see that 
the inlet and exhaust valves are shut for that cylinder. 
lf they are not, but the crank is at the correct angle for 
ignition to occur, it will show that the distributor is one 
crank revolution out of time (i.e., one-half cycle). In the 
case of magneto ignition, turn by hand as before, and observe 
the crank angle (and inlet and exhaust valves) at the 
instant when the two sides of the contact breaker come 
apart. This indicates that a spark will occur at this point 
in the cycle. If this is eorrect, the various ignition leads 
should then be traced most carefully, to make sure that 
they are connected up to the right cylinders and securely 
fastened to their respective terminals. If no spark appears 
while testing the terminal of the sparking plug by short- 
circuiting, examine all the electrical connections and see 
that none of them have come adrift or have heen connected 
up to the wrong terminals. 


A common cause of the magneto refusing to work is a 
short circuit to “earth”? on the switch connection. This 
prevents the primary current being broken by the contact 
breaker and, consequently, the production of a spark. 


The platinum points on the make-and-break may want 
adjusting, or the coils, condenser, or wire leads in the arma- 
ture may have become short-circuited. 


4. Defects which may occur when certain specific conditions 
are observed. (i) A fouled plug.—To find out which cylinder 
it is, slow down the engine by throttling as much as possible, 
and then short-circuit each plug in turn to the cylinder. 
When one of the non-faulty plugs is thus shorted, the engine 
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will slow down considerably, but when the foul or shorted 
plug is treated in this manner no difference is detected in 
the running of the engine. The temperature of the cylinders 
will often indicate the defective plug. Renew the plug 
. with a new one, 


(ii) Faulty distributor.—Examine the carbon brush on 
the distributor and see that no oil has got to it. If there 
are signs of grease, clean it off with petrol, &c., before re- 
placing. The carbon brush may have worn a groove round 
the distributor, and the metal strips leading to the plug 
terminals may have got masked by the insulation. The 
best remedy for this is to turn up the inside of the cylinder 
carrying the distributor segments in a lathe. 

(iii) Defective insulation on connecting wire to plug.—lf 
the wire carries a high tension current, a spark will probably 
be seen at the point where the insulation has given way 
Indications will be the same as in (i). Examine the insula- 
tions carefully, and replace wire, if necessary, by a new 
length. Should the flaw in the insulation be small, a 
repair can be made with indiarubber solution and sticky 
tape. 

(iv) Faulty condenser.—This ought not to occur in mag- 
netos where a safety gap is provided to prevent too high 
a voltage being generated in the secondary circuit. It is 
usually indicated by sparking at the platinum points of the 
contact breaker. Should the platinum points of the contact 
breaker be worn and pitted the same indications will be 
present, so that it is as well to examine these platinum 
points first of all, and then, if@ecessary, to file them square 
and smooth, afterwards adjusting them to the correct dis- 
tance apart at break—O -4 mm. (;385 in-). 


76 CHAPTER V. 


(v) All cylinders firing trregularly.—Should all the cylinders 
be firing irregularly on cell ignition, but correctly when 
switched on to the magneto, it will probably be found 
that the accumulator has run down. Test the accumulator 
with the voltmeter; it should show 4 volts between ite 
terminals. If less than this be recorded, connect up to the 
spare cell usually carried. If the cell registers 4 volte, 
examine all the terminals and also the battery contact 
breaker. The platinum screws should touch when the 
rocking lever is not depressed by the lugs on the insulated 
disc. These screws should only be ‘4 mms. (or ,38, in.) 
apart when separated by the action of the lugs. If these 
adjustments are incorrect, correct them by means of the 
screw attachment to the platinum point. Should the con- 
tacts be uneven (but only then) they may be filed perfectly 
flat with a dead smooth file and then re-adjusted. The 
vulcanite bush in the fulcrum of the rocking lever should 
be looked at to ascertain whether it is working freely or 
stiffly. It sometimes jambs, owing to dampness swelling 
the fibre. 

(vi) Cylinders firing weakly on magneto circutt and strongly 
on cell.—If all the cylinders fire weakly on the magneto 
circuit, but strongly on the cell ignition, examine the contact 
breaker and its adjustments in the same way as for cell 
contact breaker, described above. 


(vii) No spark obtainable with the magneto circuit.—See 
that the wire from the long contact terminal, to which the 
switch circuit is connected, is not short-circuiting to the 
frame. The earthing brush dt the back of the rocking lever 
of the magneto contact breaker may be oily, and so preventing 
the magneto secondary circuit from being completed. 


INTERNAL-COMBUSTION ENGINES. 77 


(viii) No sparking at any terminal with both ignitions.—A 
terminal of the distributor circuit has probably come loose 
or the wire short-circuited. Examine both carefully. The 
switch contacts should also be examined in all these cases. 

(ix) The magneto refusing to stop producing secondary 
current when switched off.—This is probably due to oil having 
got underneath the carbon brush on the short-circuiting 
terminal at the end of the long contact screw of the magneto 
contact breaker ; remove the cover over this latter, and clean 
the end of the carbon brush and the face it bears on with 
petrol. Then replace. 


(x) Backfiring—This occurs when the charge explodes 
immediately it enters the cylinder through the open valves 
and backfires into the induction pipe, and so to the car- 
buretter, which it is liable to set alight if there be any petrol 
in it. 

Causes of backfiring :— 

(a) The most common cause is through a very weak 
mixture being supplied to the cylinder. This may 
» be due to the petrol supply cock being only partly 
* open, or the strainer or jet becoming choked by grit, 

dirt, &c. 

(b) Carbon deposits get formed on piston head and 
walls of the compression space if the mixture 
supplied be constantly too rich in petrol; this 
carbon cakes, and becomes heated to incandescence, 
and so ignites the incoming charge immediately 
on contact taking place. 

(c) A leaky exhaust valve, a weak spring, or a sticky 
spindle on an exhaust valve would allow hot exhaust 
gas to be sucked in from the exhaust pipe during 
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the induction stroke, and mix with the incoming 
charge, which it raises to ignition temperature, 
causing a premature explosion. 

(2) Water in the petrol will sometimes be the means of 
producing a backfire due to the same cause as (a). 


(e) Electric ignition leads not being joined up correctly, 
or one of the high tension leads making electric 
contact with another, and causing a spark to occur 
a revolution too soon, 1.e., just as the fresh charge 
is entering the cylinder. 


(x) Missfiring.—This is said to take place when the charge 
is drawn into the cylinder and compressed, but passes through 
the whole of the working stroke without any explosion 
taking place. In a multi-cylinder engine the unexploded 
charge as it leaves the cylinder and comes into contact with 
the hot exhaust gases may cause an explosion to occur in 
the silencer or exhaust pipe. Missfires are caused by :— 


(a2) The mixture containing too much or too little petrol, 
thus forming a non- explosive charge. Missfires due 
to this cause usually occur_in all, or pairs of, cylin- 
ders; if the latter, the prime cause will probably 
be traced to a faulty designed induction pipe or 
badly adjusted carburetter. Heating the induction 
pipe or air supply to the carburetter may, however, 
overcome it, 


(6) Poor compression due to causes already mentioned. 
Missfiring in this case occurs in one or more cylinders, 
independent of relative position with regard to the 
inlet pipe, 


~~ 
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(c) Thg mixture containing a quantity of exhaust gas, 
and so being too weak. Cause—a leaky exhaust 
valve. The leaky exhaust valve would also prevent 
good compression, so that this really comes under 
the same heading as (0). 

(2) Defective ignition. With modern high-tension mag- 
netos, defective sparking plugs are the most common 
cause of missfire. 


(xii) Pre-tgnition—This happens when the mixture is 
fired on the compression stroke (usually without the aid 
of the spark), thereby tending to make the engine run back- 
wards. This may be caused by :— 


(a) The ignition spark being advanced too much when 
starting. Explosion will occur before crank is 
over dead centre, making the engine run astern 
a few revolutions. This should always be very 
carefully guarded against when starting an engine 
by hand, as the wrench given to the starting handle 
when pre-ignition occurs is sufficient to sprain or 
even break the operator’s wrist. 

(6) A hot piston or cylinder, due to the spark being too 
far retarded, causing much of the heat of the 
explosion to pass into cylinder walls and piston 
head. This causes the fresh mixture to become 
overheated during compression and so to explode 
prematurely, 

Pre-ignition, even if it does not actually force 
the engine round in the wrong direction, may cause 
very Heavy “ knocking ” in the bearings, which will 
strain the engine and reduce its speed. If it be ~ 
very excessive it may easily produce fracture of 
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some part of the mechanism, usually, the crank 
shaft. | 

(c) Overheated piston, &c., due to too weak a mixture. 
This is not an uncommon result,in cold weather, 
of too economical a carburetter. 


(xiii) Smoky exhaust—A smoky exhaust may be caused 
by too rich a mixture or by over-lubricating ; the excess of 
oil supplied to the piston and cylinder is sucked up the sides 
of the piston during the suction stroke, and partially burnt. 

(xiv) Overheated cylinders.—Having the mixture too weak, 
t.e., containing too much air, is by far the most common 
cause. ‘l'oo much petrol will also overheat the cylinders, 
though to nowhere near the same extent as too little petrol. 
The ignition too far advanced or too far retarded is also a 
cause of the cylinders running hot. 

N.B.—The Gnome and Renault engines are dealt with in 
two separate manuals. 


CHAPTER V1I.—INSTRUMENTS. 


1. Mercurial barometer—The standard instrument for 
measuring the pressure of the atmosphere is the mercury 
barometer. In this instrument the pressure of the atmo- 
sphere is compared with the pressure at the base of a column 
of mercury of known height. 

If an exhausted tube be placed with its open end in a 
cistern of mercury, the pressure of the atmosphere will 
force the mercury up the tube until the pressure at the level 
of the surface of mercury in the cistern, due to the column of 
mercury in the tube, is equal to that of the atmosphere 
acting downwards on the surface of the mercury in the cis- 
tern. The pressure of the atmosphere is conveniently given 
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An actual barometer consists esscntially of the exhausted 
tube dipping into a cistern of mercury as detailed above. 
Alongside the glass tube is fixed a scale over which moves 
a vernier. The vernier is set exactly level with the top of . 
the mercury. 


As mercury rises in the exhausted tube the level of the 
mercury in the cistern will fall, so that, if the scale be fixed, 
its readings will no longer give the true distance between 
the surface of the mercury in the tube and of that in the 
cistern. To eliminate this error, one of two methods may 
be adopted. In the Fontin barometer the bottom of the 
cistern is made of washleather, and can be raised or lowered 
by means of a screw, until the surface of the mercury always 
just touches a fixed mark. In the Kew pattern barometer 
the length of the divisions of the scale on the tube is slightly 
altered, so that it always reads the correct height without 
adjusting the mercury in the cistern. 


Errors and their corrections. (a) Temperature.—tThe first 
thing to be allowed for is the temperature of the barometer. 
If the temperature rises it affects the barometer in two 
ways :— 

(1) The mercury expands, and therefore rises in the 
tube. This is equivalent to an apparent increase 
of pressure. 

(2) The scale, against which the height of the mercury 
is measured, expands, causing an apparent decrease 

- of the height of the mercury, or a fall of pressure. 


To eliminate effects of change of temperature, the readings 
of the barometer are always corrected to what they would 
be if the whole barometer were at 32° Fahr. This correction 
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depends on the actual temperature at the time, the co- 
efficient of expansion of mercury, and that of the scale. 

_ (6) Height—With a view to comparing the pressures at 
two or more stations, as, for example, in order to construct a 
daily weather map, allowance must be made for the different 
heights of the stations. The higher the station, the less 
will be the pressure. For purposes of comparison, therefore, 
the reading of the barometer is always corrected to what 
it would be if the station were at sea-level. The amount 

to be added is given by ie formula :— 


1 ss () 0 t — 32)], 
og B — log 6 al + 0 00204 (¢ — 32)] 
where B is the pressure at the sea-level, 

6 the pressure at the station, 

h the height of the station in feet above sea-level, 

¢ the temperature of the air in degrees Fahr. 


For convenience, tables giving this correction can be 
constructed, but a special table must be made for each 
station. 

(c) Index errors.—The scale may not indicate the true 
distance from the surface of the mercury in the cistern. __- 

(d) Scale errors.—The graduations of the scale may not be 
the right distance apart. 

These two errors, (c) and (d), are best found by having 
the instrument tested against a standard barometer, and 
corrections must be applied to allow for them. 

(e) Imperfect vacuum.—If a small quantity of air be left 
in the tube above the mercury it will cause the readings to 
be too low, the amount varying with the temperature and 


height of the barometer. This can easily be tested by 
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gently tilting the barometer until the mercury reaches the 
top of the tube. If it hits the top with a sharp click the 
vacuum may be considered good. 


2. Aneroids and barographs.—The mercury barometer is 
the only really reliable instrument for measuring the atmo- 
spheric pressure accurately. It is, however, not a portable 
instrument, and for many purposes an aneroid is more con- 
venient. This instrument contains one or more hollow 
flexible exhausted metal boxes. The pressure of the atmo- 
sphere on the outside is always tending to compress the 
sides of the boxes, while a spring placed inside tends to push 
the sides out. Hence, as the atmospheric pressure changes, 
the box will be expanded or compressed. By means of 
suitable levers the motion of the box causes a pointer to 
move over a graduated scale. This scale is generally gradu- 
ated so that it gives pressures in terms of inches of mercury 
as measured on a mercurial barometer. 


Errors.—It should be noticed that both the original setting 
of the instrument, as taken by the makers from the standard 
barometer, and the scale value depend on the adjustment 
of the instrument. The scale value, t.e., the size of the 
graduations of the scale, is generally accurate, but the 
absolute value of the pressure in inches of mercury given by 
an aneroid can seldom be relied upon. This latter value 
will vary if either the scale or the pointer be permanently 
moved relatively to each other (e.g., by altering the adjusting 
screw or moving the needle). When, therefore, the aneroid 
is used, it is for reading differences of pressure and NoT the 
absolute pressure at any given moment. 

Aneroids are frequently subject, also, to errors due to 
changes of temperature, As the temperature rises the 
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elasticity of the spring inside the flexible boxes decreases, 
and the boxes are compressed more than they would other- 
wise be. This causes an apparent rise of pressure. Even 
many so-called ‘‘compensated’”’ aneroids are subject to 
some error from this source. | 

Any form of barometer which gives a written record of the 
changes of pressure is known as a barograph. ‘These are 
generally of the aneroid type. Instead of the motion of the 
aneroid boxes being communicated to a simple pointer 
moving over a scale, it is communicated to a pen moving 
over a chart wound round a revolving drum driven by clock. 
work. Otherwise the principle is the same. 

Such barographs are subject to the usual errors of aneroids ; 
and, in addition, errors may be introduced by excessive 
friction, either in the levers or. between the pen and the 
paper. If, as the barometer rises or falls, the pen moves 
up or down in sudden steps there is almost certainly friction. 
Variation of pressure is almost always gradual. The friction 
may frequently be minimized by reducing the pressure of 
the pen on the paper; but sometimes the pivots of the 
bearings need adjustment. In this latter case the instrument 
should be sent to the makers. 

Aneroids and barographs are frequently used to measure 
difference of heights. This is done by measuring the 
difference of atmospheric pressure at the two places to be 
compared. The difference of pressure is due to the difference 
of the weight of air above the levels of the two places. The 
actual difference of pressure corresponding to any difference 
of height is given by the formula on page 83. From this 
it is secn that the difference of pressure depends to some 
extent upon the temperature of the air and upon the mean 
pressure, a a 
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On aneroids and barographs which are provided with a 
scale showing heights, it is necessary, when fixing this scale, 
to decide upon a mean pressure and temperature of the air. 
When the pressure and temperature of the air differ from 
the assumed mean, it is obvious that the height reading 
obtained will not be quite correct. This error may amount 
to about 4 per cent. on account of difference of temperature, 
and to about 4 per cent. on account of the difference from 
the mean pressure. Some aneroids, however, are now made 
in such a way that the errors due to the pressure being 
different from the mean are very greatly reduced. 


3. Anemometers.—The anemometer in general use up to 
10 or 15 years ago was that known as the Robinson anemo- 
meter. This instrument consists of four arms which are 
capable of turning about a vertical axis. Each arm carries 
a hemispherical cup at its end. In consequence of the wind. 
having more force on the concave side of the cups than on 
the convex side, these cups are driven round with a speed 
which is proportional to the velocity of the wind. A counting- 
gear is attached to show the number of times the cups have 
turned round. This instrument will only give satisfactorily 
the mean wind over a given time. For most aviation 
purposes the gustiness of the wind is, perhaps, the more 
important matter. The Robinson anemometer gives no 
indication of this, and is, therefore, of little use for aeronau- 
tical purposes. 


A much morc useful instrument is that designed by Dines. 
In this anemometer, a wind vane is mounted so as to turn 
freely round with the wind. The front part of the vane is 
in the form of a tube, the opening of which is always kept 
facing the wind, The hollow vane is connected through 
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an airtight joint to a pipe leading to the recording apparatus 
below. The wind blowing down the vane increases the 
pressure inside this tube. A second pipe led from tHe record- 
ing apparatus opens just below the vane in a series of small 
holes symmetrically arranged round a vertical tube. As 
the wind blows past these holes it produces a small suction. 

The two tubes are connected to some form of pressure- 
gauge, which indicates the velocity of the wind. The gauge 
in the self-recording instruments consists of a vessel floating 
in water. The inside of the float is connected to the pressure 
tube from the vane, and the space between the outside of the 
float and the containing vessel is connected to the suction 
tube. The principle is the same as that of a gasometer, 
assuming that the latter were enclosed in a case. As the 
difference of pressure between the air in the two pipes 
increases, the float is raised out of the water. A pen attached 
to the float records the velocity at each instant on a chart 
rolled round a drum driven by clockwork. The pressure 
produced by the wind is proportional to the square of the 
velocity, so that the float must be made of a special shape 
if its movements are to be proportional to the square root 
of the pressure, t.e., equal to the velocity and not to the 
pressure, which would be the case if the float were cylindrical. 

This instrument requires very little attention. In setting 
up, its indications should be compared with some form of 
pressure-gauge, to see that the readings are correct. 

The density of the water varies with temperature, and this 
causes the zero of the instrument to change. To correct 
this, the float is weighted with a few shot, so that the zero 
is always correct. It is also important to see that the level 
of the water is kept constant at the fixed mark (the float 
being in the zero position when this is tested). 
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The pressure produced by the wind is proportional to the 
density of the air. Any cause which makes the density of 
the air change will therefore alter the indicated velocity. 
The density of the air is changed by variations of tem- 
perature and pressure. But the changes produced at the 
earth’s surface trom these causes are too small to be important 
for matters connected with aviation. When, however, 
instruments on the same principle, e.g., Pitot tubes, are taken 
up in aeroplanes to show the velocity of travel through the 
air, the change produced in the readings by the decrease of 
pressure, and therefore of the density of the air, may be 
appreciable. Thus at 5,000 feet the indicated speed will be 
7 per cent. below the true speed. 


In addition to recording the velocity of the wind, the Dines 
instrument may also be fitted to show the direction. In 
this case a rather larger vane is provided than is usual with 
the smaller instrument, mounted on ball bearings. The 
vane is connected to a rod which’ passes vertically down to 
the recording apparatus. This consists of a drum with two 
spirals, which engage two arms connected to the recording 
pens. As the vane turns round, the drum is also turned 
and moves the pens on the paper. 


This type of anemometer is gencrally designed so that | 
it records both the velocity and direction of the wind on the 
same chart. 


4. Hrection of aeroplune instrument boards. Position of 
the instrument board.—Lhe instrument board should be fitted 
in the most convenient position, preferably directly in front 
of the pilot, and as high up as convenient. The board must 
be fixed in an upright position with its back vertical when 
the machine is in the position of normal horizontal flight. No 
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rubber insulation is necessary, as the instruments are made 
sufficiently strong to withstand vibration. 

It has been found that the most accurate reading is obtained 
when, in a biplane, the Pitot tube is fitted on top of the top 
.plane above one of the forward outside end struts. In a 
monoplane it is necessary to tit it to the leading edge of the 
wing as far away as possible from disturbance due to the 
propeller. The Pitot tube should point straight forward. 
When fitted to a biplane strut it should point horizontally, 
and when fitted to a monoplane’s leading edge it should point 
slightly downwards (t.e., 3° or 4°). These positions refer to. 
the position of the machine when in normal horizontal flight, 

Erection of bourd.—Before the erection of an aeroplane 
instrument board is commenced care should be taken to 
ensure that the following instruments are in order :— 

Clinometer.—The board should be tilted backwards and 
‘ forwards to ascertain whether the liquid is free from air 
bubbles. If any bubbles are found, tilt ‘the board back 
until the liquid disappears from the indicating tube. Let 
the board then remain in this postion for a few minutes, 
after which the liquid should be found clear of air bubbles. 

Air-speed indicator (Pitot tube).—Attach a small piece of 
rubber tube to the lower nipple on the side of the board, 
and blow very gently—preferably with the mouth ‘away 
from the tube. ‘The coloured liquid should now rise in the © 
glass indicating tube. If any air bubbles are found in the 
liquid, they can be cleared by gently sucking the liquid 
below the zero mark. If after the liquid is quite clear of 
bubbles the reading is below zero, it will be necessary to 
add fresh liquid in the following manner :— 

Take off the back cover plate of the instrument board, 
so that the rubber tubing from the nipples to the air-speed 
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indicator is exposed. Detach the rubber tube which leads 
from the upper nipple to the centre inlet at the top of the 
indicator, and pour through this opening a small quantity 
of distilled water, or preferably the special liquid supplied 
with the board. A slight suction should now be applied 
to the pressure inlet (t.c., through the nipple at the bottom 
of the board) until the liquids are mixed. Sufficient liquid 
should be added to bring the liquid to the zero mark in the 
gauge. The rubber tube may now be replaced, and the board 
is ready for fixing to the machine. 


The copper pipe leading from the pressure and statio 
sides of the Pitot tube should be carried along the leading 
edge of the wing. At the lowest bend of the pipework it 
is advisable to fit a rubber joint, so as to be able to drain 
out any water that may get into the pipe. 


The connection between the copper pipes and the instru- 
ment board should be made with rubber tubing. If any 
damping is required in the air speed indicator, this may be 
done with small bore glass tubing inserted between the copper 
pipes and the instrument board. 


Before finally connecting up to the instrument board, 
it is advisable to make sure that the copper pipes are clear. 
To do so, it is better to suck through the pipes rather than 
blow through. Care should be taken to prevent any leaks 
in the pipes. 

To test for leaks in the pressure pipe, get someone to hold 
a finger on the end of the Pitot tute. Then suck through 
the other end of the pipe and hold the tongue on the end 
of the pipe for a few seconds. If the pipe is air-tight, a 
slight hiss will be heard when the tongue is removed, owing ta 
the partial vacuum in the pipe, . 
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On no account must the Pitot tube be blown through 
with the indicator coupled to the pipes, unless the mouth is 
held away from the tube; even then care must be exercised 
to prevent excess pressure being applied. 

If the pipes are quite clear, the indicator may be finally 
connected up, the pressure side of the Pitot tube being 
connected to the lower nipple on the instrument board. 
The air-speed indicator should now require no further 
attention. 

If, at any time, it is found that the liquid does not return 
to zero, it is generally due to water having got into the 
copper pipes. Rain entering the Pitot tubes should be 
collected in the syphon—this can be emptied by taking out 
the screw below the syphon on the Pitot tube. To clear the 
pipes of any water, it is necessary to disconnect the instru- 
ment board and also the joint at the lowest point in the 
pipework, and blow through the pipes in both directions. 
Great care should be taken to get all the water out of the 
pipes, as the smallest drop will upset the reading. 


If at any time the readings of the gauge are very low, 
it is most probably due to there being a leak in the copper 
pipes or in the rubber pipes inside the instrument board. 


If there are no readings when the machine is in flight, 
it is probably due to a stoppage in the pipes or in the damping 
device. 

Revolution counters.—Most of the revolution counters at 
present used in the Royal Flying Corps to indicate 
the number of revolutions given by an aeroplane engine 
are worked on the centrifugal principle. The action 
is very similar to that of the governor of an engine. Two 
weights are carried at the ends of arms which are hinged to 


92 CHAPTER VI. 


a central shaft. If the shaft be revolved the weights are also 
carried round with it, and the centrifugal force then excited 
in them causes them to fly outwards. Springs are arranged 
to press the weights inwards towards the shaft. Hence, if 
the shaft be revolved at any dcsinite rate, the weights will 
take up a position depending on the centrifugal force pushing 
them outwards and the spring pressing them inwards. A 
system of levers is arranged so that, as the weights move 
outwards under the centrifugal force, a pointer moves over 
a scale graduated to show the speed of the shaft in revolutions 
per minute. 

The conncction between the shaft of the revolution meter 
and the engine is made by a flexible cable, which consists of 
a specially flexible wire running in a flexible metal tube. 
Within the revolution connter is a gear of 4 to 1, which 
causes the pointer to show four times the speed of the flexible 
cable. 


The fiexible cable is usually connected to the pump 
shaft of a Gnome, and either to the pump shaft or to 
the crank shaft of a Renault. The revolution meter must 
always be arranged to show the number of revolutions of 
the engine, so that certain gears must be placed between the 
flexible cable and its connection to the engine. In the 
Gnome the pump shaft turns at 7/4 the speed of the engine, 
and since the flexible cable must turn at 1/4 the rate of the 
engine a gear of 7 to 1 (down) must be placed between the 
pump shaft and the cable. | 


In the Renault the pump shaft turns at 2/7 the speed of 
the crankshaft, so that a gear of 8 to 7 (down) must be used 
when the cable is connected to the pump shaft. When the 
cable is connected to the crank shaft it is only necessary to 
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use a gear of 1,to 4 (down) in order to make the revolution 
counter read correctly. It may be here mentioned that the 
most satisfactory arrangement ig to run the revolution 
counter off the pump shaft. 

The flexible shafts should be lead in easy curves and not 
around sharp angles. 


CHAPTER VII.—COMPASSES. 


1. General description—The compass is constructed on 
the principle of suspending a magnet (or system of magnets 
fixed parallel to each other, and referred to as the “‘ compass 
needles’) in such a manner that, remaining horizontal, 
they are free to take up the direction in which the magnetism 
of the magnetic pole directs them. This direction is called 
the ‘‘ magnetic meridian.” 

A circular, graduated card, called the “compass card,” 
is fixed to the compass needles so that one diameter of ‘the 
card, the opposite extremities of which are marked North 
and South respectively, is in the same line as the direction 
of the needles. The point marked North (distinguished 
by a fleur-de-lis, or other special mark) is placed over that end 
of the needles which always points to the Northward. 
The extremities of that diameter, which is at right angles 
to the North and South line, are mariied East and West, 
East being to the right hand when the okserver is facing 
to the Northward. The compass card is thus divided into 
four quarters of a circle, or quadrants, and the points thus 
obtained are called the ‘cardinal points.” 
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In the centre of the compass card a small semicircular 
cap is fitted, slightly hollowed on its underneath side. 

his supports the card by resting on a sharp-pointed pivot 
- made of very hard metal. Thus the card is suspended on 
an almost frictionless point and is free to maintain its 
direction when the aeroplane is turned. 


The pivot itself is fixed to the centre of a hemispherical 
bowl, called the “compass bowl.” This bowl is covered 
at the top by a glass plate to protect the card from the 
effects of damp. 

On the bowl of the compass will be found a black mark, 
called the “‘lubber’s point,” and when mounting a compass 
in an aeroplane this point should be in the fore and aft line 
of the aeroplane and pointing directly ahead. Thus it 
follows that the lubber’s point moves with every turning 
movement of the aeroplane, and to ascertain the direction 
of the aeroplane’s head, the observer has only to notice 
what point on the compass card corresponds with the 
lubber’s point. This point is called the “ compass course,” 
or direction in which the aeroplane is being steered. The 
compass course may also, as an alternative, be described as 
the angle made by the point of the compass coinciding with 
the lubber’s point and the North point. 


2, Errors to which compasses are subject—The compass 
is unfortunately affected by errors. 

The ones chiefly concerning aviation are (a) variation; 
(b) deviation ; (c) air bubbles in the liquid, 

(a) Variation.—A suspended magnet, or compass needle, 
does not point to the “true” or geographical North, but 
to a point known as the “magnetic”? North pole. The 
difference between this direction and the direction of the 
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true North is called the “variation of the compass,” or 
shortly the “ variation.” . 

The variation changes according to one’s position on 
the earth’s surface, and also annually; the latter is very 
gradual, but the former must never be ignored. Variation 
is measured in degrees to the East and West of true North 
at Greenwich; at the present time the compass needle 
points 15° to the West of true North at Greenwich, and as 
one goes East, it gradually decreases till, near St. Petersburg, 
there is no variation, and still further East it changes to 
Easterly. To the West of Greenwich the variation increases 
to about 30° and then decreases again. 


In the British Isles the change is not great—from 14° 
West on the East coast to 20° West on the West coast of 
Ireland, and this is decreasing by about 8’ annually. 


The actual variation can often be obtained from the 
Ordnance Survey maps. These maps are made out on 
the true North and South principle, so that a course taken 
off them would be a “true course,’”’ and the variation 
must be applied before a “ magnetic course” is obtained. 


(6) Deviation.—This is due to local attraction of steel 
and iron fittings in the immediate vicinity of the compass ; 
it varies both in magnitude and direction for different 
positions of the aeroplane. It will therefore be readily 
understood that it is necessary to place a compass in an 
aeroplane in such a position as to be as far as possible freo 
from these influences. This, however, is a difficult matter; 
but so long as the compass is not affected to a greater extent 
than about 5° the error can remain uncorrected, as for 
practical work it will be found difficult to steer an aeroplane 
accurately enough for this amount of error to seriously matter. 


96 CHAPTER VII. 


If, on the other hand, the error is considerably in excess 
of 5°, it should be the work of an expert to correct it, by 
means of magnets placed near the compass in such a manner 
as to counteract the local influence on the needle. Should 
a@ pilot be of opinion that his compass is considerably “ out” 
on a certain course, his best method is to point the aeroplane 
at a distant object situated on, or near, that course, start 
up the engine and note the reading of the card, at the same 
time taking a bearing of the object by means of another 
compass (known to be free from local error) placed in line 
with the aeroplane and object, but at some distance away. 
By comparing the two bearings obtained, the pilot can 
at once ascertain the error, and if unable to correct it by 
magnets, he must remember to apply it to his magnetic 
course. 


This method can be employed for all directions of the 
aeroplane, and a table made out showing the deviation 
for every 10° or 20°; but it is more satisfactory if the pilot 
can have his compass properly corrected when it is first 
fitted on the aeroplane, so that the only error he has to 
apply is variation. | | 

(c) Air bubbles in the liquid.—An air bubble is a large factor 
in producing inaccuracy in a compass. If the bubble is 
sufficiently big the vibration will cause the liquid to froth 
and the card will become illegible. At the same time the 
friction caused by the bubble moving in the bowl will tend 
to deviate the card from the magnetic north. In some cases 
it will even cause the card to revolve completely round. 
The best method of getting rid of bubbles is as follows :-— 
Turn the compass bowl on its side so that the filling hole is 
at the top. Remove the plug and fill the bowl by means of 
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a very fine pipette. During this operation care must be 
taken to ensure that the passage of the air out of the bowl is 
not hindered by the presence of drops of liquid in the plug 
hole. When the bowl is completely full to the top of the plug 
hole replace the plug. Where an expansion chamber is fitted 
the air can be expelled, after removing the plug, by con- 
tracting this chamber. 

2. Aeroplane compasses.—There are two or three types 
of compasses specially constructed for aeroplane work. 
The best known, perhaps, are (a) the “Clift”; (6) the 
“Kelvin and White ’’ (‘‘ Chetwynd’s ”); and (c) the Naval 
and Military Aeroplane Compass. 

(a) The Clift compass.—This is a liquid compass; that 
is to say, the bowl containing the suspended card is full 
of a liquid—a mixture of pure distilled water and spirits 
of wine. The object of the liquid is to prevent the card 
from being easily disturbed by vibration, quick rolling 
or pitching, and also to keep it from being jumped off its 

ivot. 
= On the top of the card is placed an adjustable pointer, 
called the course pointer. Before starting it is set to the 
course required, by pressing upwards on the milled nut 
underneath the bowl and rotating the card until the pointer 
shews to the point required. The milled nut is then pulled 
down, and the card returns to its seating with the pointer 
firmly attached to it. To steer the course the pointer is 
kept opposite the lubber point. 

The compass bowl is mounted on jimbals from an 
aluminium frame, the jimbal ring being suspended by rubber 
washers. The compass thus always remains horizontal ; 
and it might be mentioned here that this method of mounting, 
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has the advantage of being able to show at approximately 
what angle, both longitudinally and laterally, the aeroplane 
is flying, should a mist or cloud envelop the machine, and if 
no inclinometer is fitted to show this angle. 

The compass card is marked in 10° intervals by a black 
triangle and at the intermediate 5° by a thin line. The four 
cardinal points are marked N.,8.. E., W. The degrees run from 
0 at North, through 9 at East, 18 at South and 27 at West, 
the last figure 0 being omitted in each case, on account of 
space. ‘Thus, 9 indicates 90°, &c. 


(b) The “‘ Kelvin and White’ Compass.—This is also a liquid 
compass. ‘The bowl is mounted in a box fitted with horse- 
hair to reduce the effects of vibration, and it is not suspended 
from jimbals, it being assumed that the suspended card has 
sufficient freedom to take up a horizontal position without 
coming in contact with the glass top. 

The card is marked on the same principle as that of the 
** Clift,” but, in addition, round the centre of the card are 
marked the points of the compass. These are of great 
assistance in steering an approximate course when the 10° 
markings cannot be distinctly seen. 


(c) The Naval and Military Aeroplane Compass.—In this 
compass the bowl rests in its outer casing on a horsehair pad, 
and is kept in place by three trunnions with rubber rings, 
which fit into brackets on the inside of the case. 

The bowl is filled with a mixture of three parts distilled 
water to one part alcohol. The bowl is filled through a filling 
plug (fitted with a brass screw) situated on its side. 

The suspension of the compass card is arranged as follows :-— 

In the centre of the card there is a circular cap, inside 
which is fixed an amethyst. This amethyst rests on a pivot, 


COMPASSES, 99 


fixed to the bottom of the bowl and having an iridium pointed 
tip. 

attached to the underside of the card and ;8, inch from it 
there are two magnets, 2? inches long by 3, inch diameter. 
The ventres of the magnets are 13 inches apart. 

The compass card is graduated from 0° at north every 
10° right-handed through E. 90°, 8. 180° and W. 270°. The 
final 0° of each number is, however, omitted, so that 280° 
reads 28°, &c., on the card. The card is also marked in 
cardinal and half cardinal points; the figures and letters in 
the north quadrants are red and in the south blue. On the 
outer rim of the card is marked a set of degrees inverted, 
which are reflected correctly in a prism fitted immediately 
over the lubber’s point. The bracket for this prism is fixed 
to the bowl, but the prism itself can be moved to suit the 
individual user and his vision relative to the compass. 

The lubber’s point is of brass wire in the shape of a right- 
angled triangle, only two sides of which are seen, one when 
viewed directly and the other when the prism is used. 

On the outer rim of the bowl is a movable circumference 
having a wire diameter across the top of the bowl. This is 
useful as & course-finder, and to assist the reflection of the 
lubber’s point when the former is laid coincidental with it. 

Let into the bottom of the bowl immediately under the 
lubber’s point and prism is a 43-inch diameter circle of opaque 

Inside a holder which can be placed on various 
quadrants of the case is a dry cell—1-3 volts, -8 amperes— 
which lights a -5 candle-power clear bulb lamp fixed inside 
the case ard under the bowl. The light from this lamp 
shines through the opaque glass and up into the prism. The 
lubber’s point, and also the degrees on the card reflected in 
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the prism are thus illuminated so that the compass can be 
used at night. 

At the bottom of the bowl, covered by a light plate held 
in place by four nuts, is an expansion chamber. This allows 
for the liquid becoming heated by the lamp, or by differences 
in the atmospheric temperature. This chamber can also be 
used for getting rid of a bubble in the liquid. 


CHAPTER VIII.—INSTRUCTION IN FLYING. 


The precise methods to be adopted in instructing, and the 
time devoted to each detail, will vary with the circumstances 
of each case, depending on the type of aeroplane in use and 
the aptitude displayed by the pupil. Whatever the aero- 
plane, or whoever the pupil, the general principles of instruc- 
tion, will, however, remain the same. 

The preliminary instruction takes place inside the shed: 
The pupil is placed in the pilot’s seat, and the methods of 
controlling the aeroplane and engine are explained to him. 
A rough idea as to why the various movements produce 
certain results is also given. The pupil then spends some 
time practising the movements, more especially trying to use 
his feet, hands and head at the same time. This part of the 
instruction should be discontinued when the pupil is quite 
familiarized with his surroundings and has a good grasp of 
what he will have to do in the air. If this instruction is 
unduly prolonged, bad habits may be formed, such as holding 
the control lever to one side, 
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Instruction in the air is now commenced. This should 
only take place in calm weather, as the pupil would become 
confused if a sudden gust or remous necessitated an abnormal 
use of the controls. Assuming the aeroplane to be fitted 
with dual controls, two or three flights, amounting in the total 
to about three-quarters of an hour, at a height of about 150 
or 200 ft., should be sufficient to enable the pupil to control 
the machine in calm weather clear of the ground. 

The next stage of the instruction is the most difficult 
portion, t.e., teaching the landing. During the first few 
landings the pupil merely looks on and follows the motions 
of the instructor. After this he should be allowed to place his 
hands and feet on the controls. The instructor gradually 
allows him to control the machine more and more, until finally, 
possibly without being himself aware of the fact, the pupil 
carries out the whole operation unaided. This practice is 
carried on for some time, until the pupil makes the landing 
with complete confidence. The practice landings should be 
made at rather greater speed than the minimum flying speed 
of the machine, so that, when the pupil tries to reproduce this 
speed when alone, a slight error on either side will not be 
of much importance. It is, however, perhaps of value to 
occasionally do a slow speed landing (warning the pupil 
of the fact beforehand), so that, should he find himself in 
such a position that a slow speed landing is essential, he will 
have some idea of the extent to which the angle of incidence 
must be increased with a view to obtaining the right speed 

If there is no engine dual control, the pupil must next 
roll the machine on the ground for a few hundred yards, in 
order to get used to being alone in the machine and also to 
practice controlling the engine. Excessive rolling practice 
is not good. The pupil becomes accustomed to driving 
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the machine while it is in an attitude which would probably 
be dangerous in the air. He may also lose his respect for 
the control levers, coarse movements of which produce 
little effect on the ground, but mean bad flying, and possible 
disaster in the air. 

After the “ rolling,” the pupil proceeds to carry out straight 
flights exactly as he did with the instructor. Two or three 
such straights should suffice. He is then allowed to make 
two or three circuits, including both right and left hand 
turns. After this the instructor should take the pupil again 
and show him how to land without his engine from small 
heights. 

All the flying instruction up to this point should have 
been carried out at a distance from the sheds or other 
obstructions; but now the pupil may be allowed to start 
from and return to the sheds in the ordinary way. 

During the instruction, the journeys to and from the 
sheds may be utilized to demonstrate the vol plané, and 
perhaps one or two fairly sharp turns may be done. A sharp 
turn is seldom necessary, but the pupil should be shown 
what it is like, in case he ever finds himself in such a position 
that it is necessary. There is the additional advantage 
that, when he comes to fly in something of a wind, he will 
have much more confidence in bringing the machine back 
from smaller angles than he has on previous occasions seen 
it brought back successfully. 

It will be found that the mere taking of the Royal Aero 
Club certificate will instil great confidence in the pupil. 
At this stage any tendencies towards over-confidence should 
be at once checked. 

After some further practice on the machine on which he 
has learnt, the pupil may be taught to fly a different type 
One type or the other skould now be selected, and the pupil 
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should use no other until he has thoroughly mastered this 
one. Constant practice in flying is necessary, for in aviation, 
as in seamanship, good results can only be obtained after 
long experience. 

The pupil must be warned that, under no ordinary circum- 
stances, should any machine be brought down steeply with 
the engine “full out,” for not only is the machine subjected 
to excessive stresses, but the controls may get so stiff that 
difficulty may be found in actuating them. Conversely, 
if the controls feel “sloppy,” it is a sign that the speed is 
too slow, in which case the machine should be dipped for a 
few seconds with the engine running. 

Notes on various types of machines. Maurice Farman.— 
This machine is peculiar in being almost the only modern 
machine to retain the front elevator (in types up to 1914). 

The Maurice Farman has a very good gliding angle, but 
not quite so good as is commonly supposed, for the reason 
that normally it carries its tail rather low, so that, during the 
glide, the machine may in reality be descending compara- 
tively steeply, although the tail does not seem to be very 
high. 

Many aeroplanes behave best in gusty weather, when a 
high speed is maintained ; the Maurice Farman, however, is 
found to be most controllable at a speed of something 
less than its normal flying speed. Should bad gusts be met 
with at a certain altitude, and it is desired to come lower, 
the engine should be well throttled down on dipping. 

Henry Farman.—The Henry Farman bears little resem- 
blance to the Maurice Farman, except in details of construc- 
tion and that the engine is behind the pilot. 

In the air it is very quick in its movements. Whereas the 
Maurice Farman may be said to wallow when in a wind, the 
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Henry Farman jumps about lightly. It is possessed of @ 
considerable amount of natural stability, and, at the same 
time, the controls are powerful. It has more head resistance 
than most monoplanes or tractor biplanes, and so loses its 
speed quicker when the engine is cut off to land; also, the 
lifting tail plane has a slight tendency to drop when the slip 
stream from the propeller is removed. The elevator, how- 
ever, is powerful, and this tendency is easily overcome. 
A good pilot can land it at a very slow speed, though not 
quite so slow as the Maurice Farman. 

The passenger seat is a little in front of the centre of gravity, 
and a slight difference is noticed when a passenger is carried — 
the machine is better balanced. 

A beginner should be warned not to make a sharp turn on 
this machine until he has had some practice, because the 
main planes are behind him and the bank may become 
excessive before he notices it. 

The pilot and passenger obtain a better view of the country 
than in any other type. 

The Avro.—The Avro is a pleasant machine to fly. Only 
the outer part of the wing is warped, and thus the machine 
can be kept in good balance by adjusting the inner cells. 
The landing chassis is a very good design, and, while capable 
of standing very heavy shocks, does not bounce the machine 
up in the air if a slight pancake be made. The fore and aft 
control is sensitive, and the gliding angle very good. The 
rudder is also powerful, and banks the machine to a proper 
angle for turning, and, on this account, is useful also to help 
the lateral controls. 

The B.H.—Is a tractor machine possessing a good range 
of speed, 70 to 40 m.p.h. It is capable of climbing, fully 
loaded, at a rate of 500 feet a minute. 
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The warping is controlled by lever, the steering by foot bar 

The wings are flexible throughout and the whole of each 
wing warps. 

The fore and aft control is light, but the lateral control is 
inclined to be heavy and apt to tire the pilot during a long 
flight in bad weather. 

The flying angle of the planes is 3°, but with the warp they 
have a maximum angle of 10°. 

The greatest efficiency is obtained at 4° or 5°, but the 
machine is flown at the smaller angle of 3°, so that a large 
surface is available for getting a big range of speed and rapid 
climbing. . 

By reducing the angle of incidence towards the ends of the | 
planes the self-warping effect is reduced and the pilot has 
to do more side control. The self-warping effect is most 
marked when the planes have the same angle of incidence 
throughout, but the machine is not so comfortable to fly. 

Monoplanes.—Monoplanes generally are similar to handle 
to tractor biplanes. Though the maximum speed in both 
cases may be the same, the monoplane, having a smaller 
surface, cannot be landed so slowly, which is a great disad- 
vantage. As a rule head resistance is cut down to a mini- 
mum, which is also adisadvantage when diving over obstacles 
to land in a confined space, since the speed becomes excessive. 

A high-powered biplane can fly as fast as any practical 
monoplane, and has the enormous advantage of being able 
to go much slower. Of course a high-powered monoplane 
can be constructed to fly faster than a biplane, but it cannot 
be used except in very open country. 

The monoplane is more pleasant to fly, principally because 
the controls are lighter to the touch, and because of the 
absence of the feeling of being shut in. 
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CHAPTER IX.—NAVIGATION OF THE AIR BY DAY. 


1. General remarks.—Accurate navigation is obtained by 
the intelligent use of a compass, combined with a good know- 
ledge of topography to assist in rapidly locating the position. 

Great difficulty is experienced by pilots in finding their 
way across country at the first attempt, even if the locality 
is well known from below. The country presents a very 
different aspect when viewed from above, and only by 
constant practice can a pilot become what is known as a good 
cross country flier. 

The secret of success in navigating an aeroplane is careful 
attention to details. The pilot’s task is made considerably 
easier if he has a trained observer as passenger, with suitable 
means of communicating with the latter. 

2. Maps.—Pilots must be well acquainted with map- 
reading. No map on a larger scale than 2 miles to an inch 
should be used for long flights; it is often impossible to 
use a larger scale than 4 miles to an inch. 

It will sometimes be necessary in war to use foreign maps, 
the scale of which is usually given as a representative fraction. 
Pilots, when supplied with these maps, should immediately 
construct the corresponding English scale, t.e.. so many 
miles to an inch. This will facilitate rapid calculation 
cf distances in units pilots are accustomed to work with. 

The pilot, having been directed to proceed to a certain 
point, or number of points, must closely study his map to 
ascertain what guides he can best use to assist his navigation. 
If there is no side wind, and his compass is correct; a straight 
course from point to point is the quickest. The points 
on the map should be joined by a line, and the “true” 
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course measured. To this the variation (at Greenwich— 
15° W.) must be applied, and he then has the compass, or 
magnetic course to be steered. The latter should be written 
down and kept in some conspicuous position in front of the 
pilot. The distances from the starting point should also 
be marked, either at 10-mile intervals, or from some well- 
defined object passed en route to the next. Itshould be noted 
“whether any very high ground is to be passed over necessita- 
ting a greater height being maintained at that point. 

3. Selection of objects, d&c., as guides.—The following 
remarks are the result of practical experience :— 

(a) Towns.—Towns are obviously of the greatest assistance. 
No aeroplane should, however, pass directly over them, 
as not only is such a practice contrary to law, but also, unless 
at over 2,000 ft., the effects of any large works with blast 
furnaces, &c., will most certainly be felt. Towns should 
be clearly indicated on the map, either by underlining the 
name or by putting circles round them, so as to immediately 
catch the eye. 

(0) Ratlways.—Railways are of very great assistance, 
and can be used to a large extent as a guide from point to 
point. 

The conventional sign for a railway is a plain black line 
on the map, and no distinction is made between a line with 
perhaps four pairs of rails or one pair of rails. Thus it is 
quite easy to make a mistake, if a single line branches off 
from the main line in perhaps a not too conspicuous place. 
Branch lines to quarries, &c., are not often marked on the 
map, even though they may run a mile or more away from 
the main line. Tunnels, bridges and cuttings are marked 
on maps, and these will often be of assistance in pickmg 
up the correct line. 
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In spite of the above few details, which are liable to cause 
an error, a pilot should use railways whenever possible. 
He will find that, in windy weather when a course is perhaps 
difficult to steer correctly, and it is hard to allow for drift, 
it will be well worth his while to keep in sight of a railway, 
even if it takes him a little longer way round. 


In such a case he should draw a line in the rough general 
direction of the railway and mark off its magnetic course. 
By comparing this with his compass, it will not only act 
as an assurance that he is following the correct railway, 
but it will also assist him should he become enveloped in a 
cloud or mist for a short time. 


(c) Roads.—As a general rule roads are not a. particularly 
good guide. There are so many of them in England which 
twist about considerably. Main roads are often less notice- 
able from a height than the minor roads. The telegraph 
wires and poles (a sure sign of an important road) are also 
very hard to see. 


There are, however, exceptions to the main road rule. 
Roman roads, being usually absolutely straight, can generally 
be picked out easily, and also roads over a moor or plain, 
where there are few others in their vicinity with which to 
confuse them. 


(d) Water.—Water can be seen from a great distance, 
and is a good guide. But after much rain a pilot must take 
into consideration the possibilities of a flooded stream causing 
the surrounding meadows, &c., to be inundated to a depth 
of perhaps only a few inches, but nevertheless having an 


appearance of a good sized lake or broad river, which cannot 
be located on the map. 


NAVIGATION OF THE AIR BY DAY. 109 


Rivers are very winding, and are often almost concealed 
by high trees on either bank. A pilot will usually waste 
time if he elects to follow a river as a means of getting from 
point to point. On most maps the smallest rivers are marked 
very distinctly, which will at first encourage a pilot to follow 
them. 


(e) High ground.—From a height of 2,000 ft. and over 
the country presents quite a flat appearance, and contour 
cannot be recognized. Nevertheless, the pilot should not 
fail to mark on his map any high ground with steep contours, 
as a warning that the landing is likely to be difficult, and as 
a reminder to fly high at this point. 


(f) Forced landings.—Landing ground is hard to recognize 
as being good from a greater height than 1,000 ft. As it is 
usual to fly at somewhere about double this height, the 
aeroplane can glide for some distance before a spot is finally 
selected. 


The best time of the year for flying is undoubtedly the 
autumn, when the crops are in. At this time a pilot should 
choose for preference a stubble field, which, from a height, 
presents a lightish brown appearance. By doing this he 
can be quite certain that the surface will be smooth, without 
ditches or mounds, whereas the ordinary grass field as often 
as not abounds in the latter. Dark green fields are usually 
found to be roots, and as such should be avoided, if better 
ground is available. Should a pilot land in a field of young 
wheat, &c., he will do well to get the first batch of sightseers 
to remove “his machine to a corner of the field; this will 
prevent more damage to the crops than he has already 
caused. 
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(9) Wind.—Navigation would be comparatively easy if 
wind did not enter into the question. It is the more difficult 
to allow for, as it varies both in strength and direction at 
various heights (see Appendix ITT). 

A side wind will cause an aeroplane to drift, that is to say, 
it will have to head up into the wind to a greater or less 
extent in order to remain actually travelling along the course 
required. 

Should such a side wind be blowing when a pilot is about 
to start on a flight to a point some distance away, it will be 
quite worth his while to make a small diagram calculation 
on his map to ascertain how much he should allow for it. 
This can be done in the following manner :— 


A is the point of departure. 
B is the point of destination. 
Join AB (which should represent the magnetic course). 


From A (point of departure) draw a line down wind (2.e., 
with a S.W. wind the line would be N.E. from A). Estimate 
the speed of the wind (say, 20 m.p.h. at 2,000 ft.). 

Speed of aeroplane 60 m.p.h. (say). 

This gives a ratio of 1 to 3 (speed of wind to speed of 
aeroplane). 

Lay off 1 in. along the wind line from A, cutting this line 
at C. With centre C and radius 3 in., describe an arc cutting 
AB at D; join DC. 

Then a line drawn parallel to DC through A will give 
the course that must be steered in order to reach B. ‘Fhe 
course in degrees can be found by measuring the angle BAW, 
and, in this case, adding to the angle thus formed 270°. 
Line AD will give the speed of the aeroplane relatively to the 
ground. 
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On starting off it is as well to circle while climbing, note 
the direction of the drift and pass directly over the point 
of departure. When directly over the point of departure, 
point the aeroplane on to her magnetic course and select 
some distant object on that course. Then head the machine 
up into the wind as necessary so as to pass over the object 
selected. 

(h) Time.—The taking of times is often very much neg- 
lected, but nevertheless, it is an extremely important matter. 
In an aeroplane it is most difficult to estimate time. On 
calm days it seems to pass quickly, but on a rough journey 
the minutes pass very slowly; thus it often happens that a 
pilot who has not checked the time of passing some object 
expects to pass the next long before it is really due. From 
the commencement of a cross-country flight to the journey’s 
end, the times at which the objects selected as guides are 
passed must therefore be checked. 
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(t) Hewght.—Over ordinary country, where there are no 
very high hills or mountains, a good height to keep at is 
from 1,500 to 2,000 ft. The presence of low-lying clouds, 
or of an unsteady wind, may necessitate a less or greater 
height, respectively, than those mentioned being kept. As 
a general rule, the speed and steadiness of the wind increase 
as higher altitudes are reached, so that in making a flight 
down wind it may be sometimes more advantageous to fly 
higher than would be the case if the flight were being made 
against the wind. 


4. Instruments.—The following instruments should be 
fitted in an aeroplane intended for cross-country work :— 

A properly adjusted compass. 

A watch, preferably strapped to the pilot’s arm. If fixed 
to the aeroplane without adequate means of preventing 
vibration, it will probably stop or not keep good time. 

An aneroid with adjustable height reading. 

An engine revolution indicator. However skilled a pilot 
may be in detecting faulty running of his engine, after a 
long flight his hearing will not be so good, and an indicator 
will assist him considerably. 

A speed indicator, either in the form of a Pitot tube or a 
pressure plate instrument. This will indicate the speed of 
the machine through the air, and will be found invaluable 
when in a cloud, or when the ground is obscured from view 
by mist. 

An inclinometer is required for ascertaining the angle of 
flight when the earth is not visible. For longitudinal angles 
the speed indicator is usually sufficient, as by noticing 
whether the speed is increasing or decreasing the pilot 
knows whether he is going ‘‘ down” or “‘ up.” 
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A map board or case. For moderate distance flights, 
the pilot will find that a board placed in a conspicuous 
position will be quite sufficient to pin his map to; but for 
longer flights, he may find it necessary to cut his map into 
strips and use a roller map case. This method has the draw- 
back that consecutive courses, though perhaps differing 
considerably, will have to be drawn as if in a straight line. 
It thus requires a little practice for a pilot to adapt himself — 
to its use. 


CHAPTER X.—METEOROLOGY. 


1. Introductory remarks.—Although great advances have 
in late years been made in the knowledge of the conditions 
and changes taking place in the atmosphere, yet a very 
large number of questions of great interest from an aeronau- 
tical standpoint still remain unanswered. 

Further, the changes taking place in the atmosphere 
are very complicated, so that the problem of forecasting 
weather, in detail, is a matter of the greatest difficulty. 

Fortunately the wind, which is one of the most important 
factors to the aviator, is the most amenable to simple 
physical laws. 

2. Atmospheric pressure.—The pressure of the air—which 
will be seen later to be a variable quantity, and its changes 
to be of great use in forecasting weather—is due to the 
weight of air above the place where the pressure is 
exerted. It will be readily seen that the longer the vertical 
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column of air, and the greater the density of the air, the 
greater also will be the pressure exerted at the bottom of 
the column. Hence at two places, one above the other, 
the pressure at the lower place will be equal to the pressure 
at the upper plus the pressure due to the weight of air 
between the two. This difference in pressure will not be 
constant, but will depend on the density of the air, which 
in turn varies with the temperature and pressure. 

The difference of pressure at two places one above the 
other may be found as follows :— 


Let B be the pressure at the lower place ; 

Let b be the pressure at the upper place ; 

Let h be the difference in height in feet ; 

Let ¢ be the mean temperature of the air between the 
places in degrees Fahrenheit ; 


h 


Then log B — log 6 = 9 (1 + °00204 [¢ — 32]). 


6036 
Or the difference in height may be found from— 
h = 60369 (1 + ‘00204 [¢ — 32]) log wy 


The temperature of the air generally falls off with height, 
but near the surface of the ground the rate of decrease is often 
far from constant, and it is not uncommon to find a warmer 
layer above a colder one. The average rate of decrease 1s 
about 1° Fahr. for every 300 ft. Above 5,000 or 6,000 ft. 
the rate of decrease of temperature becomes nearly constant 
at 1° Fahr. for every 300 ft. At very great heights (over 
30,000 ft.) the temperature ceases to fall with height, and 
may sometimes rise again. This region, however, is well 
above the height practicable for flying. 
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If readings of the atmospheric pressure, as measured by 
a barometer (see Chapter VI), are taken at the same time at 
a number of different places situated over a wide area, 
and are then plotted on a map against each station, the 
readings will be found to be arranged in some order. 
Certain areas will have low-pressure, and others will have 
high-pressure. 

On any topographical map, lines or contours are drawn 
showing the heights of the ground. Equally, on the pressure 
map, it is possible to draw lines similar to contours, showing 
the heights of the barometer. As all places on any one 
contour are at the same height, so all places on any line on 
the pressure map will have the same atmospheric pressure, 
These lines are called “ isobars.” 

The isobars are generally drawn for each tenth of an 
inch of mercury, t.e., the difference of pressure between 
two places on two consecutive isobars will be one tenth of 
an inch of mercury. In regions where there is a large differ- 
ence of pressure between places not far apart, the isobars 
will necessarily be close together, just as on a map, where 
the slope of the ground is steep, the contours will be close 
together. 

The rate at which pressure changes from place to place, 
is known as the “ pressure gradient.’”’ When the pressure 
is changing rapidly the gradient is said to be “ steep.” 

3. The wind and its connection with atmospheric pressure.— 
When one part of the country is under high-pressure, and 
another under low-pressure, it migbt at first be supposed 
that air would be forced out from the region of high-pressure 
towards that of the lower pressure, and that winds would be 
found everywhere blowing straight, outwards from the 
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high-pressures, and straight inwards towards the low- 
pressures. Reference to any weather chart will, however, 
show that this is not what happens. The winds blow in a 
direction which is more nearly parallel to the isobars than at 
right angles to them. The explanation of this phenomenon 
is to be found in two facts :— | 


(a) The earth is revolving about its axis. This causes 
all winds in the northern hemisphere to be deflected 
to the right of the path which they would follow 
if they were affected only by the pressure gradient, 
and tends to make them blow parallel to the isobars ; 
similarly, winds in the southern hemisphere are 
deflected to the left of this path. 

(b) Friction between the air and the surface of the 
ground tends to lessen the deflection of the winds 
caused by the rotation of the earth. 


The result of these phenomena is that the winds at the 
surface blow round the centres of low-pressure in in-curving 
spirals in an anti-clockwise direction (in the northern 
hemisphere), and in out-curving spirals in a clockwise 
direction round the centre of high-pressure. 

If it were possible to eliminate surface friction, the velocity 
of the wind could be calculated theoretically from the pressure 
gradient. An imaginary wind having this theoretical 
velocity and direction is called the ‘“‘ gradient wind,”’ and its 
velocity and direction are known as the “‘ gradient velocity” 
and the “ gradient direction.” : 

At a height of 1,000 to 2,000 ft. above the surface of the 
ground the effect of surface friction is very small, and the 
actual wind has very nearly the gradient velocity and direc- 
tion. 


MRTEOROLOGY. 117 


The table given in Appendix I shows the gradient velocity 
for different values of the pressure gradient, 

The strength of the wind is generally expressed in terms 
of its velocity in miles per hour. For some purposes it is 
more convenient to use a rougher classification, and to 
divide all winds from calm to a hurricane into 12 groups, 
denoting the strength of the wind by the number of the 
group into which it would fall. As this system is due to 
Admiral Beaufort, it is known as the ‘“ Beaufort scale.” 
The strength of the wind may also be given in terms of the 
pressure exerted by it, say, on a flat plate. This pressure 
varies as the square of the velocity. 

Appendix II gives the relation between the velocity in 
miles per hour, the Beaufort number, and the pressure 
exerted on a flat plate in lbs. per square foot. 


4. Gustiness of the wind.—It is found that the velocity 
of the wind does not remain constant. It is continually 
changing, and as a result is always rather gusty. The 
gustiness varies with different places and with different 
directions of the wind. The difference between the average 
maximum velocity attained in the gusts and the average 
minimum velocity attained in the intermediate lulls is known 
as the “ fluctuation ” of the wind. 

The ratio of the fluctuation to the mean velocity of the 
wind is called the “‘ gustiness,’’ and this is found to be roughly 
constant for any one direction at any place, whatever may 
be the mean velocity of the Wind. 


5. Forecasting.—From the foregoing it has been seen that 
when barometric pressures are plotted on a map they are 
arranged according to some order. It is now necessary to 
consider certain typical cases of pressure distribution. 
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The cyclone.—This type consists of a centre of low-pressure 
from which the pressure rises on all sides. The isobars are 
roughly circular about the centre of low-pressure. The 
winds blow in an anti-clockwise direction round the centre 
(clockwise in the southern hemisphere). 


Different parts of a cyclone have each their own type 
of weather, of which the following description may be 
given :— 

The temperature is always higher in front than in rear, 
the warm air in front having a peculiar close muggy 
character, quite independent of the actual height of the 
thermometer. The cold air in the rear, on the contrary, 
has a peculiarly exhilarating feeling, also quite independent 
of the thermometer. 

The force of the wind depends almost entirely on the 
gradients. In the centre it is dead calm, and the steepest 
gradients are usually found at some distance from the centre. 

The relative steepness of the gradients measures the 
ntensity of cyclones. 

If two lines are drawn through the centre of the cyclone, 
one in the direction parallel to that of its motion and another 
at right angles to this direction, the cyclone will be divided 
into four quadrants, each of which has its peculiar type 
of weather. The line at right angles to the direction of motion 
is known as the line of “‘ trough.” 


The broadest feature of the weather in an average cyclone 


consists of an area of rain near the centre surrounded by a 
ring of cloud, but both rain and cloud extend further to 
the front than to the rear of the centre. When, however, 
examining the nature of the cloud and rain as well as the 
general appearance of the sky, it is found that the cyclone 
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is divided into two well-marked halves by the line of the 
trough. The front may be further divided into right or 
south-east, and left or north-east fronts, which, though they 
have much in common, are sufficiently different to be 
classified separately. Coming now to more minute detail, 
in the left or north-east front, when the steepest gradients 
are somewhere south of the centre, the first symptoms of 
the approach of a cyclone are a halo, with a gradual darkening 
of the sky till it becomes quite overcast without any appear- 
ance of the formation of true cloud; or else light wisps, 
or barred stripes of cirrus moving sideways, appear in the 
blue sky, and gradually soften into a uniform black sky of a 
strato-cumulus type; nearer the centre, light ill-defined 
showers fall from a uniformly black sky, the wind from 
some point between south-east and north-east blows uneasily, 
and though the air is cold and chilly there is an oppressive 
feeling about it. Thesc appearances continue till the barome- 
ter commences to rise, when the character of the weather at 
once begins to alter. In a cyclone, when the steepest 
gradients are somewhere to the north and east of the centre, 
the general character of the weather is the same as above 
described, but much more intense, the wind rising at times 
to a heavy gale, and the ill-defined showers developing into 
violent squalls. 

In the right or south-east front, when the steepest gradients 
are to some point south of the centre, which are the common- 
est cases in this country, the first symptons are likewise a 
gradual darkening of the sky into the well-known pale or 
watery sky, with muggy oppressive air; or else, as in the 
north-east front, wisps of cirrus first appear in the blue 
sky, which gradually becomes heavier and softer till the 
sky is uniformly overcast with a strato-cumulus type of 
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cloud. Nearer the centre, rain, usually in the form of 
drizzle, sets in, and the wind from some point between south- 
east and south-west, varying in force according to the 
steepness of the gradients, drives the cloud and rain before it. 


The line of trough marks the line of heavy showers of 
squalls, especially the portion on the southern side of the 
centre. 

The general character of the west or near side is a cool, 
exhilarating feeling in the air, with a high, hard sky, of which 
the tendency is always to break into firm detached masses 
of cloud. The rain, which occurs near the centre, is usually 
in cold, hard, brisk showers or hard squalls, and the general 
look of the weather presents a marked contrast to the dirty 
appearance of the weather which characterizes the whole 
front part of a cyclone. Further from the centre, showers or 
squalls are replaced by simply detached masses of cloud, 
and finally these disappear, leaving a blue sky. The wind 
from some point between west and north blows gustily. 

The whole of the rear of a cyclone partakes of this general 
character, but the change of weather along the north of a 
cyclone is not nearly so marked as along the southern 
portion. 

The motion of cyclones is, as a rule, from west to east, 
the general: direction being about west-south-west to east- 
north-east. Occasionally they move north or south, but 
seldom from east to west. They may also at times remain 
stationary for a day or two, but this is rare. 


The anticyclone.—The distribution of pressure in an 
anticyclone is almost the reverse of that in a cyclone. It 
consists of a central area of high pressure, from which the 
pressure gradually decreases on al] sides, The gradients 
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are generally very slight, so that the winds, which blow 
round the centre in a clockwise direction, are very light. 
Unlike a cyclone, no very definite description of the weather 
can be given—in fact, almost any type of weather may be 
found in an anticyclone, except strong winds; heavy rain 
is also infrequent. On the whole the weather is fine, but 
in winter periods of dull cloudy weather often acccmpany 
an anticyclone. On the other hand, days with cloudless 
skies, and keen frosty weather in winter or hot weather 
in summer, frequently occur in anticyclones. Unlike 
cyclones they have no general direction of motion, but move 
very slowly and in any direction. They frequently remain 
stationary for several days together. In the colder months, 
anticyclones are very frequently accompanied by fog. 

Secondary depressions.—On the outside of a cyclone 
irregularities in the isobars frequently occur. These may be 
mere kinks in the isobars, or they may be well marked and 
have an independent area of low-pressure. A very common 
form is for the isobars to have approximately the shape 
of a “ V,” such cases being known as “ V”’ depressions, 
_ The secondaries travel round the main depression in the 
same direction as do the winds, viz., anti-clockwise. 

The weather in these secondaries varies according to 
whether they are well marked or not. Where only a small 
kink occurs, only cloudy skies and temporary rain may be 
produced; but if they are well marked, and the gradients 
are steep, the winds may become very strong and the 
weather very bad. 

In a secondary depression of average intensity the sequence 
of weather is as follows :— 

As the secondary approaches, the weather is similar to 
that in the right front of a cyclone; as the centre of the 
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secondary passes, the barometer suddenly begins to rise, 
and there is frequently a heavy squall, as in the trough of 
a cyclone, and the wind suddenly veers to a more northerly 
quarter. 

On the side away from the centre of the main cyclone 
the winds are generally very strong, but between the second- 
ary and the main depression they are light. In the 
rear of a secondary the weather is similar to that in the rear 
of a cyclone, 

The wedge.—It frequently occurs that a series of cyclones 
pass across the country in a continuous succession. Between 
two of these cyclones the isobars will be roughly “V” 
shaped, but in this case with the highest pressure within the 
‘“V.” These are times of brilliantly fine weather, cloudless 
skies, and clear atmosphere, but as another cyclone is 
approaching they last only a short time. 

Tine squalls.—It has been said that, as the trough of a 
cyclone passes, there is frequently a heavy squall. This 
is generally of the type known as a “‘line squall.” Such a 
squall] stretches in a line for a long distance across the country, 
and may be as much as 500 miles in length. The squall 
moves in a direction approximately at right angles to its 
length, with a velocity of between 30 and 50 miles per hour. 
The breadth of the squall is usually narrow, so that it does 
not last long—generally from half an hour to two hours. 
The squall gives no sign of its approach, except that if the 
sky is fairly cloudless a long line of well-marked cumulus 
may be seen in the distance gradually coming nearer. As 
the squall reaches the observer, the wind suddenly increases 
(or occasionally increases slightly and then suddenly de- 
creases), and at the same time the direction suddenly changes 
to a more northerly quarter. 
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The barometer generally shows a small sudden rise, and 
the temperature always suddenly falls. Heavy rain, and 
frequently hail, with sometimes thunder, set in at once. 
The whole squall is of a violent nature, and may do con- 
siderable damage. This phenomenon seems to be caused by 
the sudden inrush of a cold current, of air from some northerly 

uarter, which forces the warmer air in front of it to ascend. 
these squalls give no warning of their approach, and as 
they are very violent, they are of a particularly dangerous 
nature. They are to be expected when the trough of 
a depression passes, and especially in a ‘‘ V,” or secondary. 
After one squall has passed, others frequently follow in the 
next few hours. These line squalls may also occur at times 
in conditions that would be expected to give only a moderate 
westerly or south-westerly wind. An observer can only 
forecast these phenomena with certainty when he is in 
possession of information that a squall has passed certain 
points and is travelling in his direction. 

Fog.—True fog (clouds on the surface of the earth are not 
true fog) on land is only formed when there is little wind 
and when the sky is cloudless. During the day the air is 
warmed and takes up water vapour. On a calm cloudless 
evening the ground is cooled by outward radiation, and the 
air near the ground is also cooled. This cold air, being 
heavier, flows down the sides of hills and mixes with the 
warm moist air over the valleys, which is thereby cooled. 
The cooling so produced may be sufficient to cause some of. 
the water vapour to condense, and fog is formed. If there 
is much wind the air is kept stirred up and no cold layer 
is formed. If, on the other hand, the sky is cloudy, the 
ground is not cooled by radiation, so that in this case no fog 
is formed, | 
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Conditions of the atmosphere affecting aviation.—The avail- 
able knowledge of the upper air is still rather small, but some 
information has been obtained which is of use to aviators, 

If it is required to ascertain what the wind is at any height 
above the ground, there are several methods by which this 
information may be obtained. 

First, by sending up a small balloon which drifts along with 
the velocity of the wind at the height it has reached. The 
balloon is observed by theodolites, and the velocity and direc- 
tion of the wind at any height can be calculated accurately. 
This, however, is an elaborate method and takes considerable 
time. 

Secondly, some information may be obtained by observing 
the motion of the clouds. From these, the direction of the 
wind at their level may be accurately gauged. It must, 
however, be remembered that the height of the clouds cannot 
definitely be fixed without suitable instruments, and there- 
fore the velocity is only very approximate. Nevertheless 
a rough idea may be obtained by noting whether the clouds 
are moving quickly or slowly. The lower the clouds are 
the faster they “‘ appear’ to move. 

Thirdly, an estimate of the upper wind may be obtained 
from a daily weather map, by calculating the gradient wind 
as explained in Appendix I. At a height of 1,000 ft. or more, 
the gradient wind is found to agree very well with the wind 
at these heights, as found by means of kites or pilot balloons, 

Fourthly, it is possible to estimate the upper wind from 
the known surface wind at the time. It is nearly always 
found that for the first 1,000 or 2,000 ft. above the surface 
the velocity increases directly as the “height above sea- 
level.” Hence, if, at a place 500 ft. above sca-level, the 
surface wind were 15 miles per hour, the velocity at 500 ft. 
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above the “ surface”’ (4.e., 1,000 ft. above sea-level) would 
be expected to be 30 miles per hour; and at 1,000 ft. above 
the surface (%.e., 1,500 ft. above sea-level) 45 miles per hour. 
This regular increase in velocity goes on till the gradient 
velocity is reached, after which the wind generally remains 
almost constant, but may increase ordecrease. In the case 
of easterly winds there is very frequently a decrease at higher 
altitudes. The direction of the wind a few thousand feet 
up is slightly changed 4n a clockwise direction from that 
of the surface wind, ¢.e., if the surface wind were south 
the upper wind might be expected to be south-south-west, 
or south-west. A table of changes in velocity and direction, 
which are the results of observation, is given in Appendix ITI. 


It is a well-known fact that the wind is frequently stronger 
in the day than at night. This is nearly always the case, 
except in rough weather. At sea the effect is not so marked. 
The decrease at night, however, only takes place at the 
surface. At a height of from 1,000 to 2,000 ft. the wind is 
stronger at night than in the day. The cause of the surface 
decrease in velocity at night seems to be the formation of 
‘ a shallow layer of air on the ground, which does not take 
part in the general movement of the air. 


While the velocity of the wind increases with height, 
the gustiness almost invariably falls off, so that the wind 
is more steady above than at the surface. No definite 
rule can be given about the relation of gustiness and height. 


Allied with gusts are “‘remous’”’ experienced in flying. 
These may be due to two causes: First, a horizontal gust. 
suddenly striking the aeroplane, and causing a temporary 
change in its velocity through the air; this will produce a 

, momentary change in the lift. Secondly, there may be an 
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ascending or descending current, which will make the aero- 
plane rise or fall. 


These upward or downward currents may be caused 
either by trees, buildings, and the contour of the ground, 
or they may be due to rising currents of hot air. 


Another possible occurrence is for the aeroplane to pass 
into a mass of air moving in a different direction to that 
in which it had been before. This would also cause a 
temporary change in the speed through the air, but this 
ast cause is not likely to be a common occurrence. 


CHAPTER XI.—MOTOR TRANSPORT. 


1. Engines.—In general motor car engines are governed 
by the same principles as those applicable to Aero engines. 
The general chapter on engines must, therefore, be read in 
conjunction with this chapter. In addition, the following 
points should be noted :— 

(a) Bearings should normally be examined after 10,000 
miles. They may only require to be tightened 
up, or they may be badly worn, thus necessitating 
remetalling. If, however, there is sufficient metal 
left the flat faces of the bearings may be touched 
up with a file. 

(b) New piston rings will require to be fitted at this 

_—- periods 
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(c) Whenever for any reason an engine is taken down 
it is advisable at the same time to grind in the 
valves, clean the pistons and cylinder heads, examine 
the gudgeon pins and their fittings, and clean all 
oil leads and filters. When reassembling the 
engine it is necessary to use new washers and pack- 
ings throughout. 

(d) As all motor cars are fitted with Variable ignition 
care must be taken in tuning to allow sufficient 
‘‘ advance’ and “retard” to be given on the igni- 
tion quadrant. In cases where independent mag- 
neto and accumulator ignition are fitted, each system 
must be adjusted so as to spark at the same point 
in the cycle. 


2. Routine examinations.—Periodical inspections of the car 
or lorry must be made and the following points seen to :— 


Every time the car 18 used.— 

(a) Tyres correctly inflated and spare wheel in place, 
and tools for changing wheel or rims (jack and 
brace). 

(6) Radiator and petrol tank full. Carry spare tin of 
petrol and strainer. 

(c) Sufficient lubricating oil in the pump or reservoir, 
and that the feeds work freely. 

(d) Accumulators properly charged and coil working. 

(e) Brakes working properly. 

Every day before duty.— 

(a) All the above points. 

(6) Oil holes on steering arms, knuckles, universal joint, 
&c., cleaned and oiled. ‘This should be done after 
the car has been cleaned. 
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(c) Grease caps on springs and shackles screwed down 

and properly supplied with grease. 
W eekly.— 

(a) Sparking plugs and ignition looked over, magneto 
oiled and cleaned. 

(b) Examine water joints, see pump packing does not 
leak, and also that the radiator is tight. 

(c) Refill axle caps and examine clutch leather. 

(2) Open gear box and sec that there is sufficient grease. 

(e) Change tyres about on wheels if uneven wear is 
noticed. 

(f) Examine bodywork. 


Monthly.— 
Grind in valves (or after 1, 000 miles running). 


3. Care of grease and oil caps.—There are several parts 
on the car which require regular lubrication, and which are 
not supplied automatically. These parts are generally 
equipped either with grease cups or oil-holes. Particular 
note should be made of oilers on the spring hangers, universal 
joints, steering pivots, knuckles, steering gear-box and such 
like. It is also necessary, periodically, to introduce some 
lubricant between the laminations of springs. 

Drivers of motor vehicles should make themselves thor- 
oughly acquainted with all the grease and oil caps on their 
cars, and must systematically keep them properly supplied. 
The frequency of the application of oil or grease will depend 
on the amount of running. 


4. Care of clutch.—The clutch may want a little attention. 
If a leather clutch is fitted, and theleather cone can be got at, 
it may be brushed over with at least one coat of castor-oil, 
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the latter being allowed to soak in. This should be done 
when the clutch is “fierce” owing to the leather becoming 
glazed and hard. It does not follow that a new clutch 
leather is necessary when a clutch is not giving satisfaction, 
Sometimes it will be found that a shoulder of about j,-in. 


deep has worn on the old leather. This should be carefully . 


trimmed off with a sharp file, which will give the leather 
a new life. This allows the cone to go further home, giving a 
closer contact between the surfaces. 

A special detail to watch is to see that the copper rivets 
are well below the surface of the leather. If they become 
flush with the leather, the result would be a nasty gripping, 
or even difficulty in disengaging. A metal to metal clutch 
requires to be cleaned out occasionally with paraffin. A 
hole is generally provided for the purpose in the clutch 
casing. If the clutch is too fierce a little thin mineral oil will 
put it right. 

5. Gears.—The gear-box should be regularly inspected 
to seé that there is an ample supply of lubricant, but not 
an excess. It is quite unnecessary to fill up the cases, as 
this will only result in the gear grease flooding out at the 
joints and bearings and making them a receptacle for mud 
and dust. The amount of lubricant used should be sufficient 
to cover the lower teeth of the gears, the rest will look after 
itself. (See “‘ Differential gears.’’) 

6. Differential gear and chains.-—The differential gear 
transmits the power from the speed-change-gear to the rear 
axle of the car. Cars which are made with chain drive to 
both wheels have the differential gear arranged on the 
countershaft at the ends of which the chain sprockets are 
fitted. Usually the differential and change-speed gear ure 
fitted in the same case, 
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Chains require to be renewed occasionally and taken up 
as they wear. Clean with paraffin and lubricate with 
graphite on a brush. Links of various lengths can be 
added. 


7. Care of brakes.—Attention to the brakes is very import- 
‘ant. They should be adjusted as closely as is permissible, 
the jaws being set so as to just clear the drums but not to 
set up any permanent friction. A screw adjustment is 
provided for this purpose. ‘Too much clearance lessens the 
responsiveness of the brakes, especially in an emergency. 
The rods actuating the brakes should be carefully examined 
from time to time for any signs of weakness. Particular 
attention should be paid to ensure that the jointing pins 
have split-pins properly fitted. 


8. Cleaning and washing cars.—The car ought to be washed 
down as soon as it comes in, without giving the mud achance 
to set. On no account should dirt, dust, or mud be brushed 
off. It must, in the fullest sense of the term, be washed off 
or else the paint work will be ruined. If a hose is available, 
it will be very useful in getting the mud off the under parts 
of the car, and will save a lot of time and labour. 

In using the hose for the outside of the car (that is for the 
wheels and body work in general), the following points 
should be okserved :— ’ 


(a) Care must be taken that the water does not go 
anywhere but where it is intended to. It should 
not be splashed about in every direction. 

(6) A strong pressure of water from the nozzle is of con- 
siderable advantage in cleaning the underparts of 
the car, where the mud is generally heaviest, and 
in cleaning the underside of the mudguards. 
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(c) When dealing with the paintwork, however, a 
strong pressure of water is quite likely, in removing 
the gritty particles, to at the same time force 
them over the paintwork and scratch it. Apply 
the water with little force, but in plenty. If this 
is done when the car comes in wet the mud will 
be speedily and easily removed. If the mud has 
been allowed to dry, the water must be poured 
over it so as to soften it first; afterwards it will 
be gradually carried away as the water runs over 
it. On no account should the mud be rubbed off. 
Brushing or rubbing the mud off, even if it is wet, 
will cause scratching and deterioration of the 
paintwork. 

(d) When all the dirt and mud has been soaked off, 
the surface can be gone over with a wet sponge, 
using clean water. After this has been done, 
the surface should then be dried off with a clean 
chamois leather. 

(e) Oils and grease are bad for the paintwork, and care 
must be taken that neither petrol, paraffin or 
lubricating oil is allowed to remain on any part 
of the paintwork. 

({) When dealing with a car which is soiled with dust, 
the same care must be used in attempting to rub 
it off ; the surface should be gone over first with a 
full sponge and finished off as before. 


9. Care of tyres.—If the following points are attended to 
the life of tyres can be considerably increased :-— 
(a2) All cuts, even surface cuts, require vulcanising. 
This keeps water out. 
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(6) Tyres must be kept up to pressure, usually about 
60 lbs. per square inch. 

(c) If possible keep two spare wheels so that repairs 
can be carried out on one while the other is ready 
for duty. 

(qd) Watch wheels for alignment. If a tyre shows 
abnormal wear look to the axle or distance rods. 

(e) Do not apply brakes abruptly, except in emergency. 
A rapid “‘ pull up” takes a good deal of mileage off 
a tyre. 


10. Removing and replacing tyres and tubes.—To remove 
the air tube, loosen the security bolts as far as the wing 
nuts will go without removal. The external parts of the 
valve are next removed (care being taken to place any of 
the loose fittings in a safe place). The edge of the cover 
can then be pushed from under the lip of the rim and the 
lever inserted in positions a few inches on each side of a rim 
bolt, so that the edge of the cover can be raised over the 
rim. Special care must be taken not to damage the air 
tube. The levering must be repeated at intervals of about 
6 ins. until the edge of the cover is brought over the rim all 
round, If the operator has to work single-handed, the 
best method is to use three levers. Two levers are inserted, 
and the wheel turned round so that one lever rests against 
the foot and the next against the leg of the operator. Both 
hands are then free to manipulate a third lever. Should | 
the air tube be difficult to remove through sticking to the 
cover, it may be necessary to apply some petrol to the place. 
The cover, must, however, be allowed to dry thoroughly, 
and French chalk must be rubbed on afterwards, as petrol 
is very injurious to indiarubber, 
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To remove the valve, insert the curled end of the lever 
over the tube, pushing it across till it catches hold of the 
tyre on the opposite side of the rim. The cover can then 
be pushed up out of the way with one hand and the valve 
withdrawn with the other. 

The inside of the cover should now be carefully felt for 
puncturing objects. The cover should also be cleaned 
thoroughly of any loose gritty material that may be inside. 
Afterwards a handful of clean French chalk should be put 
in and shaken round. 

When inserting the new tube, see that it is first of all 
slightly inflated, and make certain that it is put in quite 
straight and is free from any twists, or kinks, which would 
be certain to cause trouble later on. When the tube is in 
position, first replace that part of the cover which is notched 
to fit round the valve, go round once more and see the air 
tube is straight, and then push up the valve-and eecurity 
bolts in order to allow the edges of the cover to fit into the 
lip of the rim. Next draw the valve and bolts down into 
position. The greatest care should be taken in using the 
tyre levers not to pinch or injure the air tube. 

To completely detach a cover, insert the lever on the 
inner side of the wheel about 2 ins. away from a bolt. Lever 
up the bead of the cover from the rim, and then pull the bolt 
down so that the bolt head will be underneath the bead 
of the cover. Repeat this operation at each bolt. Next 
insert a lever from the inner side of the wheel right across 
the rim, and lever the tyre bodily off. ° 

In putting on a new cover it will generally be found stiff 
to manipulate. The rim should be clean and free from rust. 
The levering should be repeated at smaller intervals, the 
hands being used in assisting to work the cover down to its 
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Propsr position. Sufficient French chalk should be used 
with a new cover and tube so as to prevent the two becoming 
stuck. 

11. Vulcanizing—Tyres and tubes of large dimensions 
cannot be satisfactorily repaired by patching. Therefore a 
system called ‘ vulcanizing,” by which repairs can be 
executed, is adopted. The system most generally in use 
is the Harvey-Frost, which is described in the following 
paragraphs :— 

Harvey-Frost system of vulcanizing.* (a) Inner tube repatrs.— 
The edges of the puncture, or burst, must first be bevelled 
by means of a pair of scissors. This is done in order that a 
larger uniting surface may be provided for amalgamation 
with the new material. 

The bevel should be cut thus :— 


oulside of lube. 


and not thus :— 


Special care should be taken to carry the bevel well round 
the ends of the damage, in order to prevent the burst from 
extending. 


ee 


* This system can be used with considerable success in repairing 
aeroplane tyres and tubes. 
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The bevelled edges must then be well roughened by means 
of a rasp, in order to obtain a still better uniting surface. 


Apply two coats of vulcanizing flux to roughened edges, 
allowing the first coat to dry before the application of the 
second coat. The flux enables the new material to amalga- 
mate thoroughly with the old material of the tyre. 


A sufficient quantity of vulcanizing compound must now 
be inserted into the cavity, and thoroughly pressed and rolled 
in by the aid of a “V” shaped roller. Before application, 
the compound should first be slightly warmed on the 
vulcanizer, as it then becomes softer and more plastic, and is 
much more easily worked. The utmost care should be taken 
to prevent any air or gas from being secreted when filling in 
the compound. Want of care on this point is likely to result 
in the newly introduced material becoming blown, or porous, 
and consequently not so strong as it would otherwise be. 
Do not press too much compound into the repair, as an 
excess of compound will force the lips of the repair open, 
and will result in a bulged and clumsy repair when vulcanized. 
The rolling should be done across the repair and not in the 
direction of the burst. 


The projecting compound is now trimmed level with the 
surface of the tube by means of a wet knife. The super- 
fluous flux and compound can be cleaned off with a sponge 
or cloth damped witb naphtha. 


The repair is now ready for the vulcanizer. It is recom- 
mended that the vulcanizer should be filled with water to 
the correct level each time it is used, as this reduces to a 
minimum the chance of any mishap through this important 
operation being overlooked. Pour in the water at the water- 
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filling valve until it overflows at the water-level valve. Then 
close both valves and light the burner. After 25 to 30 
minutes (the length of time being governed by the heating 
apparatus in use), a steam pressure of 60 lbs. per square in. 
will be generated, and this pressure must be uniformly 
maintained throughout the whole of the operation. 


The damaged tube, having been previously prepared 
as explained, is now placed on the vulcanizer, with the part 
under treatment facing the heated surface and with a piece 
of gas absorbent cloth intervening. On top of the tube 
is placed the nearest size pad which is sufficient to cover 
the area being treated. By means of the screw press, the 
pad presses the tube into firm contact with the, vulcanizer. 
Only such pressure as can be obtained by screwing the press 
with thumb and finger should be used. In no case should the 
pad be allowed to press on the folded edges of the tube. 


Time table for vulcanizing repairs in tubes.—In vulcanizing 
there is considerable scope for individual discretion, but the 
following table can be taken as a basis on which to work :— 


Thickness of tube. Time (at 60 lbs. pressure). 


zis in. 9 minutes. 
1 ” 10 ” 
10” 13 ” 
B 17 ” 
t ” 19 ” 


It should be borne in mind that the length of time for 
curing is not governed by the width or length of the repair, 
but by the depth of the new material introduced in making 
the repair. The above time table applies to repairs done 
with Harvey-Frost Buff Compound, 
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The following is the time table for repairs done with 
Harvey-Frost Plastene :— | 


Thickness of tube. Time (at 45 Ibs. pressure). 


¢z in 6 minutes. 
> ra ” 7 ” 

vs» 8 

a5 ” 10 ” 

3 ” 13 ” 

$ ” 15 ” 


In dealing with large open bursts where a portion of the 
tube is missing, a somewhat different method is adopted. 
Instead of filling in the burst with the vulcanizing compound, 
it is simpler, and more economical, to replace the missing 
portion with a piece of rubber. Odd pieces of old tubes 
can be utilized for this purpose. The first step is to find a 
piece of old tubing about the same thickness as the tube 

“needing repair, and to cut a piece from it as nearly as 
possible the same size and shape as the burst. Having done 
this, a bevel is cut on the edge of tbe burst and also on the 
edges of the piece of old tube being used. The edges are 
then roughened in the same way as an ordinary tube repair. 
The piece of tube to be inserted should be of such a fit that 
there is only the bevelled edge separating it from the tube 
being repaired. After two coats of vulcanizing flux have 
been applied, a sufficient quantity of vulcanizing compound 
is inserted into the cavity and thoroughly pressed and rolled 
in the same manner as an ordinary repair. 

(b) Cover repairs. Surface repairs.—A cut, if neglected, 
means rapid decay. In the first place, cut and bevel the hole 
and then roughen it. When this has been done, the cut should 
be thoroughly cleaned all round with naphtha and coated with 
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two coats of vulcanizing flux. After this has been allowed 
to thoroughly dry—a very important matter—the space 
should be filled in with vulcanizing compound, the latter 
being thoroughly pressed and rolled in. The projecting 
compound is now trimmed off level with thé surface of the 
tyre. The tyre is now ready for the vulcanizer and should 
be placed centrally on the mandrel and secured by means 
of tape at both ends. An interchangeable face is then 
selected as most suitable for the work in hand and fixed 
to the steam heated pad. The steam heated pad is next 
clamped into position with a piece of wet cloth between 
the face and the prepared work. Great care must be taken 
to see that the face is in good contact with the prepared 
portion. In case the face does not come in close contact 
with the part of the tyre under repair, it should be packed 
with a piece of sheet lead. When the pad has been fixed 
into position, the steam supply valve is opened. The pre- 
pared work is then left to vulcanize for about 30 minutes 
at 60 lbs. steam pressure. To be sure that there is no con- 
densation of steam in the pad, the petcocks should be opened 
once or twice during the operation. 


Repairing a burst cover or a defect in the canvas foundation.— 
A burst or cut which has penetrated the canvas foundation 
should be treated as follows :— 


Take, for instance, a cover, the foundation of which is 
comprised of four layers of canvas. The first layer of canvas 
should be cut away for about 4 ins. each side of the burst, 
the second layer 34 ins., the third layer 3 ins., and the 
fourth layer 24 ins. This is done on the stepping out 
system. 
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The illustration shows four pieces of double proof canvas 
resting on apiece of single proof. 


Top layer. 





The picces of old canvas which have been removed should 
be used as templates to cut the pieces of double proof canvas ° 
to. A final piece of single proof canvas is cut to cover over 
all, and should be about the length of the mandrel, and wide 
enough to reach to within } in. of the beads. Now proceed 
with the application of several coats of vulcanizing flux 
cement, allowing each coat to dry separately until a film 
of rubber is formed on the canvas. When the tyre is perfectly 
dry the canvas should be placed in position, each layer being 
damped with naphtha to make the surface adhesive. If 
there are any crevices, hollows, or uneven surfaces exposed 
before the first layer of canvas is applied, they must be 
filled in with compound so as to make a solid and even 


140 CHAPTER XI. 


foundation to build upon. Similarly, in placing the layers of 
canvas in position, any small crevices should be filled in with 
narrow strips of compound. The preparation is now complete 
on the inside of the cover, and a mandrel most suitable for 
the work is placed inside at the part being treated. A piece 
of cloth, French chalked, must intervene between the inside 
of the cover and the mandrel, so as to keep the surface clean. 

The cover is then either clipped or taped on to the mandrel, 
the damaged portion on the outside being left exposed. 
After the necessary connecting up has been done, the steam 
supply valve to the mandrel is then opened. The petcock 
should also be left open until dry steam escapes, when it 
should be closed and the prepared work allowed to vulcanize 
30 minutes at 60 lbs. The repair is then finished. 

It is most essential that all covers, before being treated, 
should be perfectly dry. 


Inside repairs.—In some cases the trouble is only on the 
inside of the tyre. In this case the stepping should only 
be carried out as far as the trouble extends, the part cut away 
being replaced with new canvas. An extra support is added 
by stretching a piece of single proof canvas from bead to 
bead and making it about 2 or 3 ins. larger than the largest 
piece of canvas inserted. This is vulcanized by means of 
the mandrel. No external heat is required. 

(c) To judge perfect vulcanizing.—The perfect curing, or 
vulcanizing, of a tyre repair is best tested by the thumb 
nail after the repair has cooled. 


Should an impression be left on the part vulcanized after 
being indented by the thumb nail, it is a sure sign that it is 
under-cured, or under-vulcanized. The repair should again 
be applied to the vulcanizer for a short time, If, on the other 
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hand, the repair feels hard, brittle, and entirely irresponsive 
to the touch, it is a sign that it is over-cured. 

This state should by all means be avoided, as it is prefer- 
ablo to under-cure rather than over-cure. 
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Gradient direction is along the isobars, with the low-pressure 
on the left hand. 

To find gradient wind from a weather chart by the aid 
of the above table, proceed as follows (typical case) :— 

The observer is at ‘‘ A” and in latitude 53°, and wishes 
to find the gradient wind. He takes the two isobars on the 
map on either side of him and measures the distance between 
them. He finds this to be 140 miles. From the map he 
also notes that the atmospheric pressure is 30 ins. and the 
temperature 60° Fahr. At the bottom of the table he 
finds that the pressure and temperature nearest to his 
readings appear in column 4. He then looks up column 4 
(distances) and finds that the gradient wind corresponding to 
the distance between the two isobars is 20 miles per hour. - 

The table is made out for latitude 53°. For latitudes 
greater than 53° subtract 1 per cent. from the gradient 
velocity found in the table, and vice versa. 
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BRAUFORT WIND SCALE. 























Mean wind 
Pe Ped force in lbs. | Equivalent 
Beaufort | Deseriptiot | por equare ft. | velocity, | Beaufort 


at standard | miles per hour. 
density. 








0 0 0 0 0 
‘1 0:01 2 1 
2 Light breeze 0:08 5 2 
3 0°28 10 3 
4 Moderate 0°67 15 4 
5 breeze 1°31 21 5 
6 ‘ | 2°3 27 6 
7 | Strong wind | { 3-6 35 7 
8 If 5:4 42 8 
9 \Gale forces | { 7.7 50 9 
10 10°5 59 10 
11 } Storm forces | 14:0 68 rT 
above above 
12 Hurricane 17-0 75 12 





APPENDIX III. 


146 


‘emes OY} suleuet AQUSpUAy [e1oNed ayy ynq ‘sdoejd quaszaytp ye A1eA 
TTA soindy fenjoe oy, ‘uoaedy 48 yuouttsedxe Aq pourejqo soSvieae ole salqey esau], y 


aa ncccrarcmmarraanrcmmaaanaaeerrree cee eaeceeaccrncc sneer eee ee I a I TE I I I A AT A IT CSREES 











0g 0g Ls eh eg | eg 

Or OF OF 28 #E $e | 0G 

62 66 of 63 | 8 9% Io cl 

0z 6I ST ! ST ST CL | OT 

gI OL g i 8 8 L | Y 

| 

e ‘ * (3 ' ry e ‘ ° ‘ e ‘uoAvd ;) ye 
43 000°¢ 4} 000'F | 43 000'8 | 43 000'% 93 000°T 13 008 soR}Ing 





‘anoy Aad soll] 





‘ANIJ, VQ AHL ONIUAG 
LHOIGF, HLIM NIA FHL JO ALIOOTHA JO NOMVIUVA 


*« IIT XIGNdddV 


147 


APPENDIX III. 


nS a | Sn 

{ 

IZ | =: 08 et | ot | OT ¢ 0 “+ gaaldop 
Qt 4yUStI 

















i 
‘43. 000°¢ | “3¥ 000°F | 43 000° | 33.000'% | “33 000'T "43 009 | "aOR}ANGS = 
nas 
—: MOleq 











Eee 


UOAIS SI PUIA sdBJINS By} JO UOLOITP oY} WOIZ UOTeIAsp oy JO JUNOTIY OL, 
‘BMO[ PULA SCORJINS 9} YOIYA WOT; JeYY Jo (MOI~OIIP SsTMxOO[D B UT IO) YSU 
ayy 07 yuiod @ wio1y SMO[G pula reddn “ae Qysiey BUISUaIOUT YIM S199A PUTA 


‘LHDIAF, HALIM ANIM AO NOMA] AO NOILVIUVA 












0¢ 0S 6F Lt 5 cg ce 

OF OF OF 8g +E 62 02 

1 1g 1g 0g 0g GS el 

23 ZS oo GS 2G 02 OT 

9T qT GT CT CT ral c 

€T OT 8 8 8 2 G 
F i : é : : . : pected "MOAB 4 
43 000'¢ 1.000% | 9 000'8 4J 000'2 43 000'T "13-004 eoeying 












‘ONINUOPL ATAUVA ANV 
‘ONINDAQ ALVT ‘LHOIN AHL ONIYVAG ALIOOTAA JO NOILVIUVA 


» 


APPENDIX III. 


~~ 
re 





"43: 000°G ‘43 000'T “43 00¢ “OOBJING 


"13 000°¢ "13: 000° "13: 000°E 


qystey YIM aduvyo 07 poqyoedxe oq 


— 9[qe} SULMOT][OJ oY} UI UMOYS SpULA 977 04 
AVUL SpULM soBJANS SULMO][OJ 94} aoUEFT 


APPENDIX IV. . 149 


APPENDIX IV. 


Glossary of some Aeronautical Terms. 


A. 
Air screw ... ... See ‘ Screw.” 
Altimeter ... ... An instrument used for measuring 
height. 
Anemometer ... Aninstrument for measuring the speed 


of the wind, and also, in some cases, 
for recording the direction of the 
wind. 

Angle, dihedral ... In geometry, the angle between two 
planes. In an aeroplane, the angle 
between two wings—usually given as 
the small angle a. 

ye ing | Pils 
2a 


Angle, gliding ... The angle relative to a horizontal line 
(fixed in the air) at which an aero- 
plane descends with the engine cut 
off. 

Angle, of incidence The angle a wing makes with the 
direction of motion relative to the 
air. The angle is usually measured 
between the chord of the wing (front 
and rear spars) and the direction of 
motion, 
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Anti-drift wires 
Landing wires 
Anti-warp wires 
Attitude 


Back, to 


Balancing flaps 


Ballonnet 


Bank, to 
Barograph ... 


Barometer ... 
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See “‘ Wires.” 

See °° Wires.” 

See “* Wires.” 

Posture of a body. Often used to 
define an aeroplane’s, or wing’s, posi- 
tion with regard to its direction of 
motion through the air. 


B.. : 


In reference to the wind—to change 
direction counter-sunwise. 

Thin and flat or slightly curved struc- 
tures used for balancing an aero- 
plane, or causing it to roll about its 
longitudinal axis. The French word 
“aileron” is sometimes used in 
English for this. 

A word taken from the French meaning 
“‘a little bailoon,” and exclusively 
limited to an interior bag, contain- 
ing air, within the envelope of an 
airship. 

To roll for the purpose of turning, to 
raise the outer wing for the purpose 
of turning. 

A recording barometer, the charts of 
which can be calibrated for showing 
pressure or height. 

An instrument used for measuring the 
pressure of the atmosphere, 


‘Body 


Bracing 


Bracing, drift 


Burble point 


Cabane 


Cabre 
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Of an aeroplane—the main frame, its 
fairings and coverings; that part 
which usually contains the engine, 
crew, tanks, &c., and to which the 
wings and other organs are attached. 
The French word “fuselage” is 
sometimes used for body. 

.. Asystem of struts and ties, to transfer- 
a force from one point to another. 

The system of bracing used to transfer 
the drag or head resistance of the 
wings to the body of an aeroplane. 

-ee Chat point on the lift curve of a wing 
which is reached when the angle of 
incidence has become so great that 
the stream lines change from a 
steady to a fluctuating and eddying 
state, causing the lift to fall and the 
drag to increase. 


td 


C. 


A French word to denote the arrange- 
ment of struts projecting from the 
body to which landing wires, anti- 
warp or warp wires of a monoplane 
are attached. 

«. Lhe attitude of an aeroplane whic is 
flown atya large angle of attack on 
the air. Insailors’ parlance, “‘ down 
by the stern.” 
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Camber... ... The slight convexity of a deck (or 
wing). The camber is_ usually 
measured in terms of height above 


the chord. 
Camber, top surface The camber of the upper surface of a 
wing. 
Camber, under sur- The camber of the under surface of a 
face wing. 
Chord ne ... The straight line joining the ends of 


an are. The straight line joining 
the ends of a fore and aft cross 
section of a wing. 

Control lever ... On an aeroplane, the lever with which 
the pilot controls the machine. It 
usually works the warp and the 
elevator. On one particular aero- 
plane the word ‘“‘cloche”’ used to 
be employed ; this is a French word 
meaning ‘‘bell.” A_ bell-shaped 
piece of aluminium is used on the 
centrol lever of Bleriot aeroplanes, 
and the word has erroneously come 
to mean control lever. 


D. 


Directional stability See under “ Stability.” 

Dihedral angle  ... See under “‘ Angle.”’ 

Dive «os  «e» To descend steeply. Sometimes the 
expression ‘‘ vol pique’”’ is used in 
English for a steep glide or descen 


t. 


Dope, to 


Drag 
Drift, to 


Drift, side es 


Drift bracing 
Drift, of a craft 


Drift wires ... 


Elevator 


F airing 
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To paint a fabric with a dope, often 
a varnish of cellulose base which 
tends to tighten and protect wing 
fabrics. 

Obstruction to progress, the head 
resistance or drift. 

To be carried as by a current of air 
or water. 

Drift to port or starboard. The 
distance moved at right angles to 
the longitudinal axis of the air- 
craft in a sideways direction. Also 
used for the velocity of such move- 
ment. 

See under “‘ Bracing.” 

The ship’s or aircraft’s leeway due to 
currents. 

See under ‘* Wires.” 


E. 


A flat or slightly curved structure, 
set in a horizontal plane and hinged 
on an athwartships line. It is 
used for steering and balancing in 
the up and down directions. 


F 


A piece added to any structure to 
improve its fairness and shape, and 
incidentally to reduce its head 
resistance or drag. 
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Fins eee 
Fins, stabilising 


Flaps, balancing 
Flaps, wing... 


Gap ... 
Glide, to 


Gliding angle 
Incidence, angle of... 


King post 
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Thin and flat or slightly curved organs, 
set parallel to the normal direction 
of motion of an afrcraft. In an 
aeroplane, always normally vertical. 

Fins used on an airship to prevent her 
from yawing and turning side on to 
her direction of motion, and also to 
prevent her from pitching. 

See under “‘ Balancing.” 

See under ‘* Wing.” 


G. 


The distance between the upper and 
lower wings of a biplane. 
Of an aeroplane, to descend with the 
engine cut off. 
See under “‘ Angle.” 
i, 


See under ‘ Angle.” 


K. 


A strut “‘s” in connection with two 
tics “‘t” to strengthen a wing 
spar on either beam. 


S 


<C 


Lateral stability 
Leading edge 
Lee, leeward, leeway 


Natural stability 
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L. 


See under “ Stability.” 

The forward edge of a wing. 

Away from the wind ; shelter ; lateral 
drift of a ship to lee or leeward. 

To give an upward direction. To — 
force in an upward direction. 

The rise of a ship on a wave. In an 
aircraft the upward force in the 
direction perpendicular to the direc- 
tion of motion relative to the air. 

See under “‘ Bracing.” 

The weight carried per unit area of 
sustaining surface. 

See under “ Stability.” 


N. 


See under “‘ Stability.” 
Perpendicular to the direction of 
flight, or of an air stream. 


~ 


P. 


The distance forward that a screw 
propeller or tractor would travel in 
one complete revolution if there 
were no slip, ¢.e., if it were moving 
in a thread cut in a solid. 

To plunge in the longitudinal direction 
(nose up or nose down). 
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Pitot tube ... feiss 


Pressure head 


Pressure tube, static 


Propeller... des 


Pylon 


Rib ... Nee 


Roll, to 
Rudder 


Rudder post ee 
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A tube with open end facing the wind, 

used as part of the pressure head of 
‘a velometer. . 

A combination of Pitot tube and static 
pressure tube to collect the air 
pressure whose difference is used to 
measure air speed in the velometer. 

A tube, usually with holes in its side, 
past which the air flows so that the 
pressure inside the tube equals the 
press ire of the air, used as part of 
the pressure head of a velometer. 

An air screw which pushes from behind. 

A Greek word meaning “a post.” 
In aeronautics it is used for a post 
marking a racing course, or a post 
projecting from a body to take a 
wire from the wings. A preferable 
English terms is a “* mast.”’ 


R. 


Of a wing—a light fore and aft member 
which carries the fabric and gives it 
the proper cross section. 

To turn about the longitudinal axis. 

A flat, or slightly curved, thin structure 
hinged to a craft so that it can be 
turned to one side or the other ath- 
wartships—used for steering in the 
horizontal plane. 

The post to which the rudder is hinged. 


Screw 


Side drift ...  .. 


Side slip, to 
Skid 
Skid, to 


Slip ... se ie 


Span 
Spar 


Stability, direction 
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s. 


On an aeroplane—besides its use as a 
part holding other parts together, 
this word is used for the screw- 
shaped part, which, when turned by 
the engine, forces the machine 
through the air. Such screws are 
used either to pull or push an air- 
craft and are respectively known as 
tractor screws or propeller screws, 
the word screw being omitted for 
brevity. 

See under “‘ Drift.” 

To move fully or partially sideways 
with respect to the air. 

A piece of timber serving as a support 
or inclined plane. 

To slip or slide forwards or backwards 
on the ground. . 

The difference between the actual 
progress of a screw propeller or 
tractor in one revolution and its 
pitch. 

The full extent from end to end. The 
distance from wing tip to wing tip. 
A long piece of timber. In a wing, 
either of the beams which run ath- 
wartships and transfer the lift from 

the ribs to the frame and bracing. 

Exists when the aeroplane tends to 
head up into the wind. 
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Stability, lateral... 


Stability, longi- 
tudinal 


Stability, natural ... 


Stabilising fins... 
Stagger  ... ee 


Static pressure... 
Steer 


Strainer wis ae 


Streamline ... wae 
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Exists when the transverse axis of the 
aeroplane tends to return to the 
horizontal. 

Exists when the longitudinal axis of 
the aeroplane tends to return to the 
horizontal. 

Exists when the aeroplane tends to 

return to its normal attitude of 
-flight, and when oscillations » bout 
that position tend to decrease with- 
out the application of the controls. 
Sometimes described as inherent 
stability. 

See under “‘ Fins.” 

Of wings—when the wings of a 
biplane are set with the upper one 
slightly ahead of, or in rear of the 
other. The stagger is measured by 
the angle made with the normal 
vertical by a line joining the leading 
edges. _ 

See under “‘ Pressure.” 

To guide by helm in a specified direc- 
tion. 

A gauze or other device for preventing 
the ingress of solid particles into oil, 
water or petrol tanks, or into the 
carburetter, or into the pipes. This 
term should not be used for a turn- 
buckle or wire tightener. 

The path of a particle of fluid with 
respect to a solid body. 


Strut 


Tail... . 
Tail, litting 


‘Tail, non-liting 


Tail plane ... 


Tie 


Top surface camber 
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A piece of wood or metal intended to 
take pressure in the direction of its 
length. 


v, 


The after part of an aircraft. 


A tail in which a horizontal plane is 
set to carry a proportion of the 
weight of the aeroplane. 


A tail in which a horizontal plane is 
set edge on to the direction of 
motion so that it carries none of the 
weight of the aeroplane. 


A flat or slightly curved structure, set 
on the tail nearly in the horizontal 
plane. It is usually fixed, and by 
receiving wind pressure on its upper 
‘or lower surface is intended to pro- 
vide a righting moment. The 
French word ‘‘ empennage ”’ is some- 
times used. It seems to mean tail 
plane and elevator, but is a vague 
term alluding to the feather equip- 
ment of an arrow, and doubtless also 
includes any vertical tail fin as well 
as horizontal plane. 


A structural member intended to be 
in tension. 


See under “ Camber.’ 
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Torque propeller 


Tractor 
Trailing edge 
Turnbuckle 


Undercarriage 


- Under 


camber 


surface 


Vecr (of the wind) ... 


Velocity of side slip 
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The tendency of a propeller or tractor 
to turn an aeroplane about its longi- 
tudinal axis in a direction opposite 
to that in which the propeller or 
tractor is revolving. 

An air screw which pulls from in front. 

The rear edge of a wing. 

A device for tightening a wire, gener- 
ally by a right and left-handed 
thread. The word “strainer ’’ 
should not be used, as this is allotted 
to the filtering device employed for 
filing tanks and intercepting solid 
particles. 


U. 


The organ of an aircraft which enables 
it to run along the ground and to 
absorb the shock of landing. It 
includes the wheels, skids, shock 
absorbers and their framework of 
struts and wires. The French word 
‘* chassis’? is sometimes erroneously 
used for undercarriage. 

See under ‘* Camber.” 


Vv. 


To change direction sunwise (clock- 
wise). 

The speed with which the craft slips 
sideways with respect to the air. 





Velometer ... oe 


Warp, to... ste 


Weather eoe eee 


Wing flaps .. 


Wings Ses ory: 


\ 


Wires, anti-drift 


Wires, landing 


Wires, anti-warp ... 


(B 11009) 
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Name of an instrument for measuring 
the speed of aircraft through the 
air by means of a pressure gauge. 


Ww. 


Of wood, to bend, generally across the 
grain. Of a wing, to bend so that 
the outer end or the whole of. the 
back spar moves up or down. 

Towards the wind—in the expression 
“the weather side.” 


- Balancing flaps hinged to the trailing 


edge of the wings. The French word 
“ailerons’’ is sometimes used in 
English for this. 

The main supporting organs of an 
aeroplane. A monoplane has two 
wings, @ biplane four. 

Wires pulling in the contrary direction 
to the drag wires to keep them taut, 
and to keep the wing in shape when 
the aeroplane is on the ground. 

Wires used to take the weight of the 
wings when the aeroplane is stand- 
ing on the ground. Sometimes 
called anti-lift wires. - | 

Wires used to take the weight of the 
back wing spar on the ground. They 
must be connected across from wing 
to wing so as to allow the wings to 
warp. Sometimes called compensat- 
ing wires. 

F 
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Wires, drift, drag ... 


Wires, flying 


Wires, warp 


Yaw, to 
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Wires used in the bracing of an aero- 
plane to transfer the drag of the 
wings to the body. 

Wires used for transferring the lift of 
the wings to the body or to another 
part of the structure. Sometimes 
called lift wires. 

Wires used to take the lift of the back 
wing spar and to move its outer end 
up and down so as to warp the 


wing. 


Y. 


To turn the longitudinal axis of the 
aircraft away from the direction of 
the air course followed, t.e., with 
respect to the air alone, since the 
land has nothing to do witb it. 
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Backfire 
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Primary ... 
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Carburation see 
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Naval and military aeroplane 
Compression.— 


Defective piston rings and loss of ... 


Leaky valves and loss of 
Condenser.— 
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Controls.— 


Switches and throttles fitting of 
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Dismantling and assembling of 


Efficiency of 
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Piston, the 
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“ 


"38-40, 103 


.-. 113-115 
. 124-126 


168 INDEX. 


Missfiring... 
Monoplanes, fying oe 


Navigation.— 
Compasses used in ... 
Connection of time with 
Effect of wind on 
Forced landings... 
General principles 
Height for cross-country 
Instruments used in ... 
Selection of objects as guides i in 
Use of maps in ... a way ar 
Notice boards ait sie 
Nuts and bolts, securing of ... 


O 
Overheating.— 
Causes of... ais Wes se 
Effects of... 


Piping, fitting of ... 
Piston, function of 
Rings. ; 
Pitot tube.— 
Erection of 
Principle of the .. 
Planes.— 
Covering and doping .. say 
- Avro ... 
- BeBe axe 5 
x Maurice Far man 
Erection of Avro ee wae 
" B.E. 2 aoe 
ie Henry Farman 
” Maurice Farinan 


PAGE 
78, 79 
106 


93-100 
111 


. 110,111 


109 
106 
112 


.. 112,113 
... 107-109 
- 106, 107 


10 
21 


80 
63 


20, 21 


...42, 43, 49 


49,71 


89-91 
88 


22, 23 

24 

23 
23, 24 
30-35 
40-42 
35-38 
38-40 


Planes—continued. 
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Plugs, pei 
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Torque, counter action of 
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Silencer, the 

Smoking, prohibition of 

Spares.— 
Custody and preservation of, and accounting for... 
Planes, storage of des Site iia 


Strut.— 
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is repair of, by vulcanizing 
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Valves.— 
Arrangement of... 
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Leaky, effect on compression .. 
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Settings of 
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21 
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Medical Service. Stratezical and Tactical Employment of the 

as carried out in an Army Corps ; with a series of Problems. Translated 
- from the Austrian, 4s. 6d. (8s. 4.) 

Medical Services. Armv. Advisory Board for. The treatment of 
Venereal Disease and Scabies. First Report. 1904, Is. 64. (1s.84.); 
Second ce 15. Ys. (1s, 6d.) ; Third Report. 1905. 1s. (lud.); Final 
Report. 1906. 6d, (d:.) 

Medical Services of Foreign Armies. Handbook of. — Part I, 
FravceE. 6@. (5¢.) (Cnder revision); Part I. Grroany. 6d. (5d.); 
Part. III. es aie 6d. (4d.); Part IV. Russia. 6. (d1.) ; 
Part V. Ivazty. 6d. (5d.); Part VI. THe NErieERLANDS AND BELGIUM. 
Wil. 6d. (Ad.) 

Mekometer Handbook. 1912. 6d. (6¢.) 

Military Lands Acts 1892 to 1903. Bvyelaws. (See Artillery and Rifle 
Ranges Act, &c.) 

Mobilization Regulations. 1912. 6d. (6¢.); Amendments. July 1918. 1d. 
(1d.) . 

Musketry Regulations : — 

Part I. 1909. (Reprinted, with Amendinents, 1914.] 6d. (7d.) 
Part II. Rifle Ranges and Musketry Appliances. 1910.) (Reprinted, with 
Amencdinents, T914,] df, (4-2.) (/n the press) 

Night Operations. Elementary Training in, 1911. 1d, (14.) 

Number of Troops to the Yard in thé Principal Battles since 1850, 
Memo. on. With opiniens of Modern Authorities on limits of extension at 
the present day. 1884. %/,  (7.) 

Nursing in the Army. Qucen Alexandra's Imperial Military Nursing 
Service. Heprinted from **The British Medical Journal.” 1905. 1d. (1/.) 

Nursing Service. Queen Alexandra’s Imperial Military. Regulations 
for Admission to the. 1914. 1d. (1d.) 


Officers Training Corps :— 


Regulations. 1912. 2. (2d.) (Under revision) 
Do, Appendix LIL. (/1 the press) 
Do. ({nns of Court). ld. (1d.) (Cnder revision) . 


Special A.O. March 16, 138, ld. (1d,) 
Junior Division. Instructions for the Annnal Camps. 1918, 2d. (2¢.) 
Operation Orders. A ‘Technic _ wee by Hans von hiesling. Translated 
fromthe German. Is. 6¢. (1s. 
Optical Manual or IMandhook oe Li structions for the Guidance of Surgeons. 
Third Edition. losd. is, 6. (Ls. 8d.) 
Optics. Nouteson. 6. (5:.) 
Orange ce State. Topogra;hical Survey of the, 1905-1911. Report on 
the. 10s, (7s.) 
Ordnance College (and see Artillery College) :— 
‘Advanced Classes ups othe 38rd). Reports on, Each Is. (9%/.) 
Do. 3ith. 6. (S/.) (Ju ihe press) 
Dynamics. Noteson. Second dition. 38s. (2s. Ad.) 
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MILITARY BOOKS, published by Authority—continued. 


(As to prices in brackets, see top of page 2.) 


Ordnance College—continued. 
Officers’ Mess (Royal Artillery) a aveamgement and First 


Principles of Bookkeeping. 3d. 
Ordnance Courses. Reports on. Various. "Each 1s, (fd.) 
Regulations. 1907. 2d. (2d.) 

Ordnance Corps. Army. Standing Orders. 1912. 6d. ((d.) 

Ordnance Manual (War). 1914. 6d. (54.) 

Ordnance Service. Treatiseon. Seventh Edition. 1908. With volume of 
plates. 7s. 6d. (5s. 6d.); Amendments. June 1909, Dec. 1910, Dec. 1912. 
Each 1¢. (1d.); Do., Dec. 1909, Dee. 1911. Each 2d. (2d. 

Ordnance Services. Army.. Regulations. Part 1. 1912. (Reprinted, 

with Amendments, 1914,] 6d. (6i.) (In the press) 
Part II. 1914. is. (In the press) 

Pathological Specimens in the Museum of the Army Medical Depart- 
ment, Netley. Descriptive Catalogue of. Third Edition. Vol. I. By Sir 
W. Aitken, M.D. 1892. 5s. (3s. Sed.) 

Pay Duties of Officers po ending Squadrons, Batteries, Companies, &c. 
Instructions. 1914. 1d. (id. 

sis (7? seamless Manual of. 1s. (ild.); Amendments. Jaly 1913. ef, 
(ld 


Place-Names occurring on Foreign Maps. Rules for the Trans- 
literation of. 1906. Is. (9d.) 

Portable Sub-target (Mark I.), and How to Use it. 1911. [Reprinted, with 
Amendments, 1914.] dé. (id.) (/n the press( 

Postal Services. Army. War. Manual of. 1913. 8d. (3d.) 

Projection, &c. Linear Perspective. A Text Book for use of the R.M. 
Academy. Part I.—Text. Part IJ.—Plates. 1904. 6s. (4s. 5d.) 

Publications (Recent) of Military Interest. List of. Quarterly. 
Nos. 1 to §, 2d. (zd.) each ; Nos. 9 to 17, 4d. (4d.) each [continued by THR ARMY 
REVIEW]. 

gaa bens Distances, Ireland. Handbook of. Third Kdition. 1884. 7s. Gd, 
(5s, 3d.) 

Railway Manual (War). 6d. (5d.) 

Railways. Military. Reconnaissance and Survey of. Notes on, 
for Officers of R.E. Railway Companies. 1910. 2s. 3d. (1s. 8d.) 


Range-Finder Handbooks :— 
Infantry No. 1. (Marindin), 1913. 3d. (8d.) 
Infantry No. 2. (Barr and Stroud). 31°5-inches base. 1913. Is. (lud.) 
Watkin. Regulations for instruction in, aid practice with, 1882. ls. (q.) 
Range Finding. Coast Defence. Manualot. Part I, 9d. (8¢d.) 
Do. Amendiments, June 30, 1N]4.0 ld. (1d.) 
Ranges. Miniature Cartridge. (Heprinted from THE ARMY REVIEW, 
January, 1914), 8d. (8d. 
Recruiting for the Regular Army and the Special Reserve. 
Regulations, 1912, [Reprinted, with Amendments to Aug., 1914.] 3d. (Sd.) 
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MILITARY BOOKS, published by Authority—continued. 


(As to prices in brackets, see top of page 2.) 


Remount Manual. (War). 1913. 2d. (2d.) 
Remount Regulations. 1913. 3d. (3d.) 


Reguisitioning of Supplies, Transport, Stores, paiaela, Labour, 
&c., in the Field. Instructions for the. 1907. Id. (1d.) 
Reserve (and see Motor Reserve ; Special Reserve) :— 
Arm OneEYe: Class I. Regulations. 1911. 1d. (1d.) 
Amendments, June 1913. 1d. (1d.) 
National Reserve. Regulations. 1913. 1d. (1d.) 


ser paneer: Care and Construction of. Instructions for. 1908. 3d. 


Rifle Ranges, Training Ground, and Musketry Camp, Penally. 
(Western Coast Defences). Standing Orders... 1910. 2d. (2d.) 
Rifles, &c. Cleaning of. Notes on the. 1911. 25 for 6d. (7d.) 


Rifles, Short and Charger-loading, Magazine, Lee-Enfield. 
Handbook for Serjeant Instructors of Special Reserve, Officers Trainin 
ae and Territorial Force in regard tu the Care, Inspection, etc., of. ; 


(3d.) 

meer are Military and Naval Terms. Dictionary of. 1906. 38. 6d, 
2s. 6d.) 

Russo-Japanese War :— 

Medical and Sanitary Reports from Officers attached to the Japanese 
and Russian Forces in the Field. 1908. 5s. (3s. 10-/.) 

Official History. Part I. Causes of the War. Opening events up to 
and including the Battle of the Ya-lu. Second Edition. 1909. 1s. 6d. 
(1s. 3d.) ; Part II. From the Battle of the Ya-lu to Liao-yang, exclusive. 
1908, 58. (3s. 8d.); Part III. The Siege of Port Arthur. 1909, 4s. 6d. 
(3s. 4d.); Part LV. spa ae vane: 1910) ds. (8s.); Part V. Sha Ho. 
1911. 4s, 6d. (3s. 5d.) 

Official History (Naval and Military). Vol. I. To Aug. 24, 1904. With 
case of Maps. 1910. 15s. (10s. 7d.); Vol. If. Wiao-yang, The Sha-ho, 
Port Arthur. With case of Maps. 15s. (10s. 10.) 

Reports from British Officers attached to the Japanese and Russian 
Forces in the Field. In three vols., with two cases of Maps (not sold 
separately). 21s. (15s.) 

Salisbury Plain. Southern Command. Standing Orders applicable 
to all Troops encamped on Salisbury Plain, and applicable generally to 

Troops Quartered at Bulford and Tidworth. 1913. 3d. (3d.) 


““ Sam-Browne’’ Belt, Scabbard and Sword Knot. Specification and 
Drawings. 1899. 1d. (1d.) 


Schools, Army :— 
Annual Reports on. 1911-12; 1912-13. Each ls. (9d.) 
Map. Reading. Noteson. 1912. 3d. Oi) (And see Map Reading and 
‘ield Sketching); Amendments. ld. (1d.) 
Military and other Terms, and Words which Occur in Orders. 
Lists of. 1914, 2%, (24.) 
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MILITARY BOONS, published by Authority—eontinued. 


(As to prices in brackets, see top of page &.) 


Schools, Army —cntinved, 

Physiology. Klementary. Handbook. 1901. 1d. (1d.) 

Regulations. Will. 4 (bf) 

School Hygiene. Handbook of. For Teachers. 62, (6d.) 

Singing in. Reens. for Teaching. ill If. dea) 

Standing Orders for Inspectors, Examiners, and Teachers. 1910. 6d. 
(dd.) 

Type Exercises of Extracts from Reeimental Orders for use of Candi.l «tes 
for Third-class Certificates of Ndneation. WG)yz. Bd. Ga) 

Scouts: Training and Use of. Lecture by Col. F.C. Carter. 1905. 2/, 
(21.) 

Screws. Standard Leiding. Provision of, for Screw-cutting Lat!.«s. 
Report of Committee. 05. 1s, (10d.) 

Sevastonol. Siege of. 1651-55. 3 vols., with Case of Maps and Plans. 
Halt Mor., £5 4s. Cloth, £4 4s, 

Or separcley :—Vol, J, Iangineer Operations. £1 6s.; Vol. IT. Do. 
With Case of Maps and Plans. £2 lus.; Vol. I!l. Artillery Opera- 
tions. los, 

Powe Practical Treatment of. The latest development of, 1903. 6d. 
MEY 

Shoeburyness Garrison. Standing Orders. 1913, Is. 6d. (1s. 14.) 

Siege Operations in the Campaign against France, 1870-7], (lon Ttede- 
pense Lranstated. ots 04, Gbhad.) 

Signalling Dise. Directions for use. W911, Jd. (1) 

Signalling. Training Manual. loot. (Reprinted, with Anendaments 
to Mav 1, IIL] 6¢é. 0 (42). Aimendiments, Now. W122. May TER, Apral 
Wit. Each i. (iad.); Arpeudix PV. Desaafeh Riding. dé. (bf) 

Signalline. Training Manual. Pariti. Mik 6d. iL) 

Signal Service. Tne Army. Id. (1.) 

Signal Service. Army. Manualol, War. Provisional, Iyht. 2. (72) 

Small Arms. Text Book. 1900. With Tatles, 2s. 6/4. (2s. 14.) 

Small Wars. Vheir Principles and Practice. Third Edition. Jong, 
(Reprinted (QO) As. (2s.) 

Somaliland. Military Report on. 1907, Vol. 1. Geographical, De 

seviptive, and Historical, 2s 9 (ls. 7.) 
Do. Opeaous 101-04. Official History. Vol. I. 3s. (2s. 4d.); 
Tol, PE. As, veel 
South African War, 1899-1962 :— 

Medeeal Arrangen nts. 7s. 6. Ua, 6d.) 

Medseal Tlistory. An lipidemtiological Essay,  (Reprtuted fram ‘The 
Jonraial of the Royal Army Medical Corps.”) 3s, a4. (2s. 0.) 

Railways, 4s. Qe.) 

Susweul Cases Noted, Te, 6/ (As, 6d.) 

Telegraph Operations, 0s. (7s. bf.) 

Voouuntary Organizations in aid of the Sick and Wounded. teport of the 
Central British Red Cross Committee en. yur, 3s. (ws. od.) 


(20) 


eS ee 
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(As to prices in brackets, see top of page 2.) 


Special Reserve :— 

Commission in the Special Reserve of Officers. Short Guide to obtaining a; 
&e. 1d. (1d.) (Under revision) 

Officers. se heb or tas relating to First Appointment, Training, &e. June 
1908. 1d. (1d.) 

Regulations for Officers of the Special Reserve of Officers, and for the 
Special Reserve. 1911. 4d. (5¢.) 

Scheme for the Provision, Organization, and ‘raining of the Special 
Reserve required to supplement the Regular Army, and the Applica- 
tion of the Scheme to the existing Militia. (Special A.O., Dec. 23, 
1907), 2d. (2d.) 

Scheme for the Provision, Organization, and Training of that portion 
which will be drawn from the Territorial Force to supplement the 
Regular Army on Mobilization being ordered. (Special A.O., Nov. 20, 
190x), 2d, (2d.) 

Staff Collere Regulations (Camberley). 1905. Reprinted with Amend- 
ments up to Nov. 3, 1910.) 1d.) (1d.) 

_ Staff. General. Duties of. (bon Schellendorf). Fourth Edition. 1905. 

(Out op print) 

Stations of Units of the Regular Forces, Militia, Special Meserve, and 

Territorial Force. Quarterly. 2¢. (2d.) 

Statutes relating to the War Office and tothe Army. 1880. 5s. (8s. 97.) 

Rratutory Powers of the Secretary of State, Ordnance Branch. 1879. 5s. 
3s. Od.) 

Steam Engines and Boilers, and Gas and Oil Engines. Man- 

agement of. Notesand Memoranda. 1911. 1d. (1.) 

Sudan Almanac. 1914. Compiled in the Intelligence Department. 

Cairo. Is. ({d.) (Onder revision) 

Sudan. The British Force in the. Standing Orders, 1914. 9d. (7d.) 
Sudan. The Anglo-Egyptian. A compendium prepared by Officers of 
the Sudan Government :— 
Vol. TI. Geographical, Descriptive, and Historical (with Fighty-two 
Illustrations.) 10s. (7s. dd.) 
Vol. II. Routes. 7s. 6d. (5s. 5d.) (Not containing Chapter VII, 
Supplement (A). 
Do. In Separate Chapters. 1s. (10d.) each :— 
I. and II., .Vi/. JII. North-Eastern Sudan. IV. Eastern Sudan. 
V. Central Sudan. VI. South-Eastern Sudan. VII. Bahr-el- 
Ghazal. VIII. Kordofan. IX. North-Western-Sudan. 
Do. Chapter VII. Supplement (A). Bahr-el-Ghazal. Additional 
Routes. ls. (10d.) 
euden Campaign. History of the. Two parts, and Maps. 1890. 15s. 
10s. 11d.) 
Supply Manual (War). 1909. 6d. (6d.) 


Supply, Re-organized System of, and of Ammunition Su; ply of the 
Lux peditionary Force in War, consequent on the introduction of Mechanical 
Transport. Memorandum explaining the. Feb. 1912. Id. (id.) 
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Supply, Transport, and Barrack Services. Regulations. 1908. Qed. 

(8:1.) (Under revision) 

Surveying. Topographical and Geographical. Text Book. 1913. 
Second Kdition. 7s. 6d. (5s. 6d.) 

Do. 1905. Appendix XI. Tables for the Projection of Graticules for Squares 
of 1° ance on Scate of 1: 250,000, and for Squares of 4° side on Scale 
of 1: 125,000; with other Tables used in Projecting Maps. 4d. (4d.) 

Do. 1905. Appendix XII. Tables for the Projection of Graticules for 
Maps on the Scale of 1; 1,000,000. 1910. 2d. (2d.) 

Tactical Rides and Tours on the Ground. The Preparation and Comn- 
duct of. Translated from the German. 1s, 3d. (1s. 1d.) 

Telezraph Lines. Field. Iustruction in Laying and Maintaining. 
1907. 6d. (Ad.) 

Telegraphy and Telephony. Army. Instruction in. Vol. I.) Instru- 
ments. 1s. 6d. (Is. 4d.); Vol. IL. Lines. 1s. (11d.); Amendments, Sept. 


aay to Vols. I. and II. ld. (d.); Amendments to Vol. I1., Chap. VW. 1d. 
1d.) 
Telephones in the Field. Technical Instructions for the. Use of. Pro- 
visional. 1908. 2d. (2¢.) 
Telescopic Sights Handbook. Land Service. 1904. 4d. (4d.) 
Territorial Force (dnd see Kquipment ; Establishments) :— 
Cadet List. A List of all Cadet Units which had received official 
recognition on 31st Dec. 1913, G4. (8d.) 
Cadet Units in the British Isies. Regulatious governing the 
Formation, Organization, and Administration of. lvi4, -1d. id.) 
Commissions in the. Guide for the use of Candidates for. 1913. 1d. 
(ld 
ei tied from Jury Service, 4. (4d.) 
Field Kits. Officersand Men. Jd. (1d.) 
Hospitals, General, of the. Regulations for. 1912. 2d. (2d.) 
Leaflets :—-No. 1. Organization and Principles ; Service of the Imperial 
Yeomanry. 1d. each, or 6d. per dozen, or 8s. per 160. 
Medical Corps, Royal Army. Svabus of Training. 1914. 1d. Qa (.) 
Mobilization of a Territorial Infantry Battalion. (Reprinte ¢ 
Jrom The Army Revikw, duly, 1913.) 8d. (80. 
Nursing Service. Standing Grders. 1912. 1d. (17,) 
One anieation and Establishment. Special A.O., March 18, 1908. 6:/, 
(6d, 
Regulations for the, and for County Associations. 1912. (Re- 
printed, with Amendments, 1914.J 6d, (74) (In the pires) 
Reserve. Regulations. [ssned with Specitl A.O, »Aprit 1, 1918. Wet. (aed) 
Scheme for the Tre asfer of the Honourable Arti lery Company, the 
Imperial Yeomanry in Great. Britain, and the Ve'unteer Feree, and 
their Reorganization into the Territorial Force. Special A. O., 
March Je, 1908, 2, (2:/,) 
Service in the. Its Termsand Conditions, 1d, (Id, 
Training. Provisional, 2. (2d.) 
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Territorial Force—contimued. 
Transfer of Units to the. Special A.O., March 20, 1908, enclosing 
the Order in Council dated March 19, 1908. 2d. (2d.) 
Uniform. Special A.O., June 12, 1908. 1d. (ld) - 
Voluntary Aid :— 
Behn for the Organization of, in England and Wales. Dec. 1910. 2d. 
(2d.) 
Do. do., Amendments. ld. (1d.): 
Do., in Scotiand. Oct. 1911. 2d. (2d.) 
Do. do., Amendments. 1d. (ld.) 
Training. (E£riracts from ‘* Medical Corps. Royal Army. Training, 
1911.”) 6d. (7d.) 

Tractor Trials held by the Experimental Sub-Committee of the Mechanical 
Transport Committee at Aldershot, Sept. and Oct. 1903. Report on. 6d. 
(5d.) 

Training and Manceuvre Regulations. 1913. 4d. (5.) 

Transport Manual. Field Service. 1905. Part I. Provisional. 4d. (4d.) 

Transport, Mechanical :— 

Heavy Pontoon Bridge for use by. Provisional. 1914. 2d. (2¢.) 
Regulations for the Appointment of Inspectors of. 1d, (1d.) 

Transport. Pack. Noteson. 1d. (1d. 

Trumpet and Bugle Sounds for the Army. With Instructions for the 
Training of Trumpeters and Buglers. 1914. 9d. (8d.) 

Typhoid (Anti-) Committee. Report. 1912. 2s. 6d. (1s. 11d.) 

Typhoid (Anti-) Inoculation Committee. Report on Blood Changes 
following Typhoid Inoculation. 1905. 18. 6d. (1s. 2d.) 

kari ie ian Primer. For the use of Colonial ‘Artillery. 1899. 15s, 
(10s. 2a. £8 

Valise Equipment. Instructions for Fitting :— 

Pattern 1888 with Pattern 1894 Pouch opening outwards. 1895. 1d. (1d.) 
Bandolier pattern. 1903. 2d. (2d.) 

Valparaiso. The Capture of, in 1891. 1s. (10d.) 

Venereal Disease. See Medical Services. . 

Veterinary Corps. Army :~: 

Regulations for Admission. 1910. 2d. (2d.) 
Standing Orders. 1906. 4d. (4d.) 

Veterinary Services. Army. Regulations. 1906. 3d. (3d.) 

Voluntary Aid. See Territorial Force. 

War Office List, and Administrative Directory for the British 
Army. 1914. Sold by Harrison § Sons, 45, Pall Mall. 5s. net. 

Warfare. See Land Warfare. 

Water Supply Manual. 1s. 6d. (ls. 4d.);: Corrections (Jn the press), 

Works Manual. (War). 1913. 4d. (4¢.); Appendix I. 1d. (1¢.) 

X-Ray Apparatus. Hints regarding the Management and Use of. 3d. (3d.) 

Yeomanry and Mounted Rifle Training. PartsIand IT. 1912. 6d. (6d.) 

Zulu War of 1879. Narrative of the Field Operations connected with the 
1881. (Reprinted 1907). 3s. (2s. 4d.) 
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